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LfllNOI DAU 


Giao trinh Dien tu” ky thuat “Mach dien tu' - Tap 1 ”, dtfdc 
xuat ban lan dau vao nam 1999, da dtfdc giao vien nhieu trtfdng 
Dai hoc, Trung hoc chuyen nghiep chon lam giao trinh giang day 
chinh thtfc cho sinh vien, hoc sinh cac nganh Ky thuat Dien ttf. 

Dieu nay do giao trinh difOc soan khong qua nang ve phan 
ly luan toan hoc rna dat trqng tam vao phan dng dung thiJc te va da 
dang hoa cac rnach cd ban, de dap ting yeu cau hoc tap ngay cang 
co nhieu mdn mdi d cac trifcing Dai hoc va Trung hoc chuyen 
nghiep - moi mdn hoc hien nay co khuynh htfdng giam so tiet hoc 
xuong de co the hoc them dude nhieu mon. 

Giao trinh "Mach dien tuf - Tap 2” va "Mach tddng tU” xuat 
ban sau do cung dtfdc doc gia don nhan mot each ifu ai. 

Ca ba giao trinh tren cho den nay deu da dtfdc tai ban nhieu 
lan. Lan tai ban thtf 6 nay giao trinh dtfdc thtfc hien lai toan bo, ttf 
khau danh may den ve sd dd mach, de stfa lai nhtfng sai sot trong 
nhufng lan thtfc hien trtfdc. 

Tac gia chan thanh cam dn ban doc da cd nhieu y kien dong 
gdp de lan tai ban nay sach dtfdc hoan thien hdn. 


TP.HCM, thang 6 nam 2008 
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Chifofng 1 


EY THUYET Ctf BAN CUA MACH KHUECH DAI 

81.1-DINHNGHIA 

Trong ky thuat, tif “khuech dai” duTfc djnh nghTa la “dung 
mol nang lifdng nhd de dieu khien mot nang lifting khac Idn hdn gap 
nhieu Ian. Nang lifdng 11111 nhat - nhd - la nang lifdng dieu khien, 
nang lifdng thlf hai - Idn - la nang lifdng bi dieu khicn”. 

TCf "khuech dai” khdng chi difdc dung trong ITnh vifc dien tif 
ma con difdc dung trong cac ITnh vifc khac nhif cd khi, tif hoc ... Thi 
du: don bay la he thong khuech dai cd khi hay bo khuech dai tif 
ifng dung trong ITnh vifc dieu khien dien cdng nghiep. 

Trong ITnh vifc dien tu' nhieu linh kien cd trnh nang khuech 
dai nhif: transistor lifdng noi, transistor trtfdng ufng, op-amp ...vi cac 
linh kien (ren nhan nang lifdng d ngd vao rat nhd nhifng cd the dieu 
khien difdc nang lifdng of ngd ra Idn hdn rat nhieu lan. Thi du:- 
transistor nhan dong dien d ngo vao la 1 b cd trj so rat nhd nhifng cd 
the dieu khien dong dien d ngd ra la Ic co tri so Idn hdn Ib hang 
tram lan. 

Mach khuech dai dien tu 1 cd ky hieu nhif hinh 1.1. Nang lifdng 
d ngd vao va ngd ra thifdng difdc goi la tin hieu vao va tin hieu ra. Tin 
hieu vao va tin hieu ra cd the d dang dien ap hay cifdng dp dong dien 
va difdc ky hieu la V,, Vo hay I,, I(>. 


Vi 

Ii 





Vo 

lo 


Hinh 1.1 : Ky hieu cua inach khuech dai 
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Mach dicn nV - Tap I 


Nguyen Tan Phirrtc 


§1.2- CAC HANG KHUECH DAI 

Trong giao trinh "Linh kien dien ti?" chiing ta da co dip khiio 
sat ba trang thai hoat dong ciia transistor la: trang thai ngtfng dan, 
trang thai khuech dai va trang thai bao hba (hinh 1.2). 


Ic 



Tinh loan cac dicn trd phan chc cho transistor nghla la chon 
diem hoat dong tmh Q cho transistor do. Khi co tin hieu xoay chicu 
tac dong d ngo vao thi diem Q se bi ddi cho va lain thay ddi cac 
thong so khac cua mach. Dda vao diem hoat ddng tmh Q ngutti ta 
chia mach khuech dai ra cac hang khuech dai la: hang A, hang B, 
hang C va hang AB. 

- Hang A: transistor diftlc phan cu’e cho diem hoat dong tTnh 
Q d gitfa vung khuech dai. 

- Hang B: transistor dude phan cute cho diem hoat dong tmh 
Q d trong vung nguYig dan. 
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Chitting I 


Ly thuyct at ban cua mach khuech dai 


- Hang C: transistor (.little phan cite oho diem boat dong tmh 
Q nam sail trong vung ngffng dan. 

- Hang AB: la mot hang trung gian giffa hang A va hang B, 
transistor se dittic phan ctfc cho diem Q 0 giffa vung khuech dai va 
vung ngifng dan. 

1- Khuech dai hang A 

Phan licit dac tuyen ngd vao 1 B /V Bl . cua transistor, mach 
khuech dai hang A cd diem boat dong t!nh Q of khoang giffa ciia 
dac tuyen va cd V BE = 0,7V cho transistor Si, Vhk = 0,2V cho 
transistor Ge. Khi transistor nhan tin hieu xoay chieu d effe B, dong 
dien I B se thay doi theo tin hieu xoay chieu nay (hinh 1.3a). 

Phan tich dac tuyen ngd ra Ic/V rt cua transistor, mach 
'■khuech dai hang A cd diem hoat dong tmh Q d giffa difdng tai va 
V(- f := l/2V rr . Khi dong dien I B thay doi theo tin hieu xoay chieu se 
lam cho dong dien If thay doi va keo theo dien ap Vce cung thay 
doi (hinh 1,3h). 





Hinh 1.3a : Dac tuyen ngd vao <3 hang A 
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ca hai ban ky cua tin hie li xoay chieu hinh sin). 


- Dung cho cac mach khuech dai tin hieu co bien do nhb. 


2- Khuech dai hang B 


Phan tich dac tuycn ngo vao VV BE , mach khuech dai hang 
B co diem hoat dong tmh Q & diem V^e = OV nen Ib = 0 va Ic = 0. 
Khi transistor nhan tin hieu xoay chieu d ctfc B thi chi co mot ban 





Chifrtng 1 


Ly thuyct cd ban cua mach khuech dai 


ky difdo khuech dai vi phan cifc ihuan moi no"i BE va In tang len, 
con mot ban ky lam giam phan ctfc moi noi BE xuong vung ngtfng 
dan non khong difOe khuech dai (hinh 1.4a). 


Ib 



Phan tich dac tuyen ngo ra Ic/Vce, mach khuech dai hang B co 
diem hoat dong tmh Q nam tren difttng bien giffa vung khuech dai va 
vung ngtfng dan, V CE „ V cc Khi dong dien I H tang len theo tin hieu 
xoay chieu, dong dien Ic cung tang len va lam cho dien ap VcEgiam 
xuong. O ngo ra cung chi co mot ban ky dtfdc khuech dai (hinh 1.4b). 

Cac dac diem cua mach khuech dai hang B la: 

- khi khong co tin hieu, transistor ngtfng (Ib= 0, Ic= 0) 

- moi transistor chi khuech dai dtfdc mot ban ky nCn muon 
co du nguyen chu ky phai dung hai transistor de khuech dai luan 
phien cho hai ban ky. 
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Nguyen Tan Phrftfc 


Mach dicn tuf - Tap 1 

- dung eho cac mach khucch dai tin hieu cd bien do Idn 

- hieu suit cao do cong sual dien ticu thu nhd 

* tin hieu ra bi bien dang xuyen true (crossover distortion) 
(hinh 1.4c). 





ChiMng l 


Ly thuyct cd ban cua mach khuech dai 


3- Khu@ch dai hang C 

Phan ti'ch dac tuyen ngd van Ib/Vbi- : > mach khuech dai hang 
C cd diem hoat dong tTnh Q nam sau trong vung ngifng dan va cd 
V BE <- OV. Khi transistor nhan tin hieu xoay chicu cl cifc B. neu tin 
hieu xoay chieu cd dien ap dinh Vp<Vy thi transistor cung chtfa dan 
dien dtfdc nen khdng cd tin hieu ra, ne’u tin hieu cd dien ap dinh 
V P >Vy lhi chi cd mot phan tin hieu dude khuech dai (hinh 1.5a). 



Htnh 1,5a : Dac tuyen ngd van d hang C 

Tiftfng tir khi xet dac tuyen ngd ra Ic/V C f , chi cd mot phan 
cua ban ky dudng dude khuech dai va tin hieu ra hi dao pha la mot 
phan ban ky am (hlnh 1.5b). 




Mach dien lur — Tap 1 


Nguyen Tan PhUc'tc 


Ic 




Hinh 1.5b : Dae tuyen ngo ra d hang C 

Cac dac diem cua mach khuech dai hang C la: 

- khi khong cd tin hieu, transistor khdng dan (I B = 0, Ic = 0). 

- transistor chi khuech dai dtfdc mot phan cua ban ky nen tin 
hieu ra bj bien dang rat ldn. 

- mach khuech dai hang C dung trong mach cat bo phan 
durdi cua cac tin hieu (mach cad goc) hay trong cac mach dao dong, 
mach nhan tan so. 

4- Khuech dai hang AB 

Tren dac tuyen ngo vao Ib/Vbe. mach khuech dai hang AB 
co diem hoat dong tlnh Q d gitfa hang A va hang B (ngay diem 
thiet doan) va co V B r = 0,6V cho transistor Si, V BE - 0,1V cho 
transistor Ge. Khi transistor nhan tin hieu xoay chieti 0 cifc B thi 
ban ky dtrdng dufclc rOi vao vung gan nhtf tuyen tinh nen dufOc 
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Chiring 1 


Ly ihuyet cd ban cua roach khuech dai 


khuech dai manh, ban ky am dtfdc rdi vao vimg dudi Vy nen 
transistor khong dan va khong co tin hieu ra (hinh 1.6a). 


Ib 



Tren dac tuyen ngd ra Ic/Vce, diem hoat dong tTnh Q nlini d 
vung gan ngifng dan nen Vcp_ * V C c- O diem nay chi cd ban ky 
dudng cua tin hieu dtfdc khuech dai va lam dong dien Ic tang len. 
Tin hieu ra bi dao pha so vdi tin hieu vao nen chi cd ban ky am cua 
tin hieu d ngd ra (h'inh 1,6b). 

Cac dac diem cua mach khuech dai hang AB la: 

- khi khong cd tin hieu, cac dong dien Ib, Iced tri so rat nhd so 
vdi hang A 

- hieu suat cao do cdng suat dien tieu thu nhd 

- dung cho cac mach khuech dai tin hieu cd bien do Idn 
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Mach dien tiir 


Nguyen Tan Phift'ic 


- m6i transistor chi khuech dai difttc mot ban ky nen muon 
cd du nguyen chu ky phai dung hai transistor de khuech dai luan 
phien cho hai ban ky 

- tin hieu ra khong bi bien dang xuyen true nhifhang B. 

/ 

/ 

✓ 

/ 

/ 

/ 



Hinh 1.6b : Bac tuyen ngo ra d hang AB 


§1.3- BA CACH RAP CAN BAN 

Mach khuech dai dung transistor co the dtfOc thiet ke theo 
mot trong ba each can ban la kieu E chung, B chung hay C chung. 

1- Mach khuech dai kieu E chung (CE: Common Emitter) 
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Chifttng 1 


Ly thuycl cd ban cua mach khucch dai 


+V cc 



Hmh 1.7a 



Hinh 1.7b 


Sci do hinh 1.7a la mach khuech dai rap kieu E chung, tin 
hieu vao <5 ctfc B va ra d ctfc C. O trang thai xoay chieu cac tu dien 

lien lac va tu phan dong co tong trd rat nhd nen coi nhif bj noi 

tat. Hinh 1.7b la mach tuning diTdng cua transistor khi rap kieu E 
chung. 

Tren mach tuUng dufdng co the tinh cac thong so ky thuat 
cua mach: 

a) Tong trdrtgo van: 

h = r _ v , _ h r h + K r < = h r t> t 
h h 

h le = i'h + pr e (* vai kQ) 
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Mach dicn Lur- Tap 1 


Nguyen Tan Phiftfc 


b) Tong trd ngd ra: r n *vai chuc kCl den vdi tram kCl. 

Do r 0 cd trj so rat ldn nen nhicu tru’dng hetp c 6 the bd qua r (V 

c) Do k hue eh dai dong dien: 

= ± = = 
h 

A, = P - hj e (*vai chuc den vdi tram Ian) 

d) Do khuech dai dien dp: 

A = v « - '< R <- = P'h R ( 

'V h r , 'A 

p 

A v - ~P -A— (\ ai tram lan) 

K- 

e) Got pha: dien ap cua tin hieu van va ra dao pha nhau 

2- Mach khuech dai rap kieu B chung (CB: Common Base) 

So do hinh 1.8a la much khuech dai rap kieu B chung, tin 
hieu vao d cafe H va ra d cut C. O trang thai xoay chieu, cac tu dien 
lien lac va tu dien phan dong C H cd tong trd rat nhd nen ddde coi nhd 
noi tat. Hinh 1.8b la mach lifting diking ciia transistor rap kieu B 
chung. 

Cac thong so ky thuat cua mach dufOc tmh nhd sau: 

a) Tong trd ngd vao: 

r _ _ Vj. = ‘t. r t, + A _ A* + P'd\. = h + fir t 
i, i e Ph P 

b) Tong trd ngd vao: 

„ _ v , _ A* + A' _ A* +/V, = r h + A- 

Ph P 

(- vdi chuc Cl) 


' p 

c) Tong trd ngo ra: 
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ChuVfng I 


Ly ihuyct al ban cua mach khucch dai 


v , v 

/■„ = — = — (- vai tram kCl vi BC phan cite ngtfac) 

cl) Do khucch dai dong dien: 

A - P' h - A -i 

- /, i e (fi+])i b fi + r 

e) Do khuech dai dien dp: 

A _v„_ i.K _R C ,_JR< 

v,„ h 'c h,, 

fi 


A v = fi 


10 

/)... 


(* vai tram Ian) 


/) Goc pha: dien ap cua tin hieu vao va ra dong pha nhau 


+Vcc 
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Mach dicn tiif- Tap 1 


Npuydn Tan Phiftfc 


K 


r 



V, 




<£> 


B 



C 



-4 + 


Hinh 1.8b 


3- Mach khuech dai rap kieu C chung (Common Collector) 

Set do hmh 1.9a la much khucch dai rap kieu C chung, trong do 
cifc C difctc noi thang len nguon +Vcc va nguon +V cr dufdc goi la 
mass doi vdi xoay chieu, \) cd tu loc nguon rat Idn. Hinh 1.9b la 
mach tifcing during cua transistor khi rap kieu C chung. 


+Vcc 



i 




ChiYdng 1 


Ly thuyct ccf ban cua math khucch dai 


B r h C 



Cat* thong so ky thuat cua math duftfc tinh nhu* sau: 
a) Tong trd ngo vao: 


r = n = hh + + *A- 


r, ~r h +/3>\. +fiRi: 

r, =hi L . + />K/- (* vai tram kCl) 

b) Tong trd ngo ra: 

Dien trd Rb la dien trd tiTOng duOng cua cau phan ap Rbi 
song song R B 2 - 

Khi difrig tCT«ngo ra nhln vao transistor, ta thay dien trd R B 
song song npi trd ciia ngudn r s . Thu’dng dien trd R B rat Idn so vdi r s 
nen dien trd Lifting dt/ilng cua R B song song r s cung chfnh la r v Mach 
fitting dtftfng nhu' hinh 1.9c. 



Hinh 1.9c 



Mach dien tut - Tap 1 


Nguyen Tan PhifPc 


_-■> i . v„ v 

Tong tret ngo ra la: r B = — = — 


'o 


Theo mach lifting dtfttng, cac dien trd r,,, r b , va (3r L . ghep noi 
tiep nhau va song song vdi dien trd tai R E . 

Ta co: v c = i 0 R E = i b (r, + r b + pr c ) 

s r _ v ’r __ h i r , +r b+ Pr v ) _ r % + r ± + pr e 

' ' fit ft 

r + p p + h 

o p , Jo p \ > 

c) Do khuech dgi dong dien: 

A, = = = havA, = ft +] 

i. i L i. 


d) Do khuech dgi dien dp: 
v v 

'4,=- = - = : 




PR, 


l o v b ‘b 

A, « / 


v, ur b + V, + >e R, r b + + ftR F 

(vi r h +ftr,<< pR L ) 


e) Goc pha: khi V B tang lam I B tang va I E tang nen V E cung 
tang theo, do do dien ap cua tin hieu vao va ra dong pha nhau. 


§1.4- BANG SO SANH CAC THONG SO THEO BA CACH RAP 

Mach khuech dai dung transistor d mdi each rap E chung, B 
chung hay C chung deu co nhifrig thong so ky thuat khac nhau nen se 
difttc ting dung de dap ting nhting ycu cau ky thuat khac nhau. VI du: 

1 - Mach khuech dai rap kieu E chung co dp khuech’ dai manh nhat 
vi A v va A, deu co tri so ldn. 

2- Mach khuech dai B chung co tong trd vao r, rat nhd va tong trd 
ra r„ rat ldn nen dung de doi tong trd tit nhd ra ldn. 

3- Mach khuech dai rap kieu C chung co tong trd vao r, rat ldn va 
tong trd ra r<, rat nhd nen dung de doi tong trd tit ldn ra nhd. 
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ChuPng 1 


Ly ihuyct cO ban ciia mach khuech dai 


^Cach rap 
Thong 

E chung 

B chung 

C chung 

Tong tref 
ngo vao 

n 

h,, = r h + fir,, 
(vai kD) 

,-A. 

p 

(vai chuc Ci) 

r, -h ie +J3Ri; 
(vai tram k£2) 

Tong t ret 
ngo ra 

Hi 

Vai chuc kQ 

Vai tram kD 

_ _ ^ + K 
fi 

(vai chuc D) 

Do khuech 
dai dong 
dien A, 

A, = p = V 
{vai chuc -vai 
tram) 

A,*l 

A, = p + 1 
(vaichuc - vai 
tram) 

Bo khuech 
dai dien ap 
Av 

wf 

K 

(vai tram lan) 

(vai tram lan) 

Ay*J 

Goc pha giffa 
tin hieu vao 

va ra 

Da<i pha 

Dong pha 

Bong pha 


§1.5- CAC KIEU GHEPTANG KHUECH DAI 

Moi thiet bj dien tu' thtrdng co nhieu mach khuech dai ghep lien 
tiep nhau, moi mach co the dung mot hay nhieu transistor de thtfc hien 
mot nhiem vu rieng dupe goi la mot tang khuech dai. Be ghep lien tiep 
nhieu tang khuech dai ngi/Pi ta thifPng dung mot trong ba each ghep la: 

- Ghep bang tu dien lien lac 

- Ghep hang bien ap 

- Ghep bang each noi tnic tiep 

1- Ghep ting bang tu dien li£n lac 

So do hinh l.lfta la mach khuech dai hai tang dung 
transistor kieu ctfc E chung dtfpc ghep lien tiep nhau. Tu dien C| la 
tu lien lac ttf nguon tin hieu van transistor T|, tu dien C 2 la tu dien 
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Mach dien tuf - Tap 1 


Nguyen Tan Phifdc 


lien lac tuf T| sang T 2 va tu dien Ci la tu lien lac tuf T 2 sang tang sau 
hay ra tai. 


-t-Vcc 



Cac tu lien lac co tri so" tuy thuoc vao tan so cua dn hieu, 
doi vdi am tan thi tu lien lac thtfdng co tri so tif l|aF den IOjjF. Cac 
tu phan dong C E c6 tri so" tuy thuoc dien trd R E va thirdng dufdc chon 
tuf 25pF den 50pF. 

CJ trang thdl xoay chieu, cac mach khuech dai ha tan difuic 
dnh toan vdi tan so qui tfdc la f = 1kHz. 

Ta co: 

Ri = Rbi//Rb2, R2 = Rb.u//Rb4 

h,ei: tong trd vao cua T| 

h| C 2 ' tong trd vao cua T 2 . 

Dung khang cua tu dien lien lac la: 

Xci = Xc 2 = Xcr= ———- (chon C| = 10(iF) 

iTrfC | 
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ChiMng 1 


Ly ihuyct cc* han cua mach khuoch dal 


X 


n 


--- = i6n 

2.3,14.1c) 1 .10.10' 6 


Dung khang ciia tu dien phan dong Ce la: 

1 


X rF = ---- = 3,2Q 

2.3,14.10 .50.10 h 


(chon Cr- dOpF; 


Cac tri so dung khang rat nhd so vdi cac dien trd trong mach 
nen dude coi nhuf noi tdt. Sc) do hinh 1.10b la mach tudng dudng 0 
trang thai xoay chilu cua mach khuech dai hai tang hinh 1.10a. 

Tir do sc) do mach tddng di/dng hinh 1.10b co the ve lai vdi 
sd do ddn giiin hdn nhtf hinh 1.10c. 




i 

V„ 

I 


Hinh 1.10b 



R i R u R o 


Hinh 1.10c 

Ri = R) // h, c i R L | = Rfi // Rj // h l( -2 

Vdi sd do hinh 1.10c, viec tinh cac thong so" cua mach sc 
ddn gian hdn. 
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Cac each ghep tang bang tu lien lac co uU diem la vice tinh 
toan trang thai mot chieu cho cac transistor doc lap nhau. 

2- Ghep tilng bang bien ap 

Sd do mach hinh 1.11a la hai tang khuech dai dung 
transistor rap kieu E chung. Bien ap TR| dung de ghep giiia hai 
tang la bien ap co ti so vdng day sd cap va thuT cap la n|/n 2 . 

Doi vdi cac bien ap, tong trd giffa sd va thuT cap dlfdc tinh 
theo edng thtfc: 

7 ( 

-!-= ~ (hinh 1.11b) 

Z 3 (n 2 j 

Nhir vay tong trd tai d thd cap dude qui doi ve sd cap la: 



Doi vdi bien ap TR|, tai d thd cap la tong trd ngo vao cua 
transistor Ti (h 1C 2). Doi vdi bien ap TR 2 , tai d thuT cap la Zl 

Bien ap TR| cd tong trd qui doi ve sd cap la: 



Bien ap TRi tong trd qui doi vd sd cap la: 



Hinh 1.1 lc 
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Chifcfng 1 


Ly ihuyct cil ban cua mach khuech dai 


■i a b ^ 

O ngb ra vbi dien ap v t , va dong dien ta c6 [he tinh diAlc 
dien ap VLVa dong dien iLtren taL 

Cach ghep tang bftng bien ap cb iTu diem la viec tinh toan 
trang thai mot chieu eho cac transistor doc lap nhau, dong thcfi co 
the dung hdp tong trd giffa cac khoi nhd ti le cua cac bo bien ap. 

4- Ghep tdng tri/c ti£p 


+Vcc 



Scf do mach hinh LI2a la hai tang khuech dai dung 
transistor ghep trite tiep. Theo each ghep nay, hai transistor se phan 
cite lan nhau theo nguyen ly hoi tiep am dc on dinh nhiet ma khong 
dung can phan ap d cite B. Cach tinh dien ap mot chieu va nguyen 
ly hoi tiep am mot chieu de on dinh nhiet se di/Oc phan rich chi tict 
trong chitting “Mach khuech dai DC". 



Hinh LI2b 
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Mach dicn tif - Tap 1 


Nguyen Tan Phifdc 


Sd do hinh L12b la much tifdng dudng cua hai transistor Ti - 
Ti ghep trifc tiep, trong do, R] la tong trd tifdng dudng cua Rb song si ng 
vdi h lo]% R[ | la tong trd tifdng difdng cua Rn song song vdi h ]c o- 

Cach ghep tang trifc tiep cd ifu diem la mach dicn ddn gian, 
do bdft dude tu dicn lien lac va dien trd cau phan ap, do on dinh 
nhiet cua mach rat tot nhd hoi tiep am nipt chieu, bang thong rdng 
do khong dung tu. 

§1.6- MACH KHUECH DAI HOI TIEP 
1- Dinh nghTa 

Mach hoi tiep la mach lay mot phan nang ludng ft ngd ra difa ve 
cung cap cho ngd vao. 

Trong sd do hinh 1.13 mach hoi tiep difdc ky hieu bang chuf FB do 
chuf "Feed Back**. Dicn ap cua ngudn tin hieu dieu khien la v s , tin hieu 
ngd cd the la dang dien ap v, hay dang dong dicn i h tin hieu ngo ra la v„ 
hay i tl , dien ap lay ra sau mach hoi tiep la v*. 

Trifdng hdp mach khuech dai khong cd hoi tiep -con gpi la much 
khuech dai vong hd - thi do khuech dai dien ap difdc dinh nghTa la: 




Hinh 1.13 
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Chirdng I 


Ly thuvcl cd ban cua math khuech dai 


Mach hoi tiep FB co dien ap vao la v 0 , dien ap ra la v t . He so hoi 
tiep dinh nghTa la; 



Tnrdng hdp khuech dai cd hoi tiep thi dp khuech dai dien ap hoi 
dep difcic dinh nghTa: 

v 

A v/ = - -- trongdo: v, = v + v f => v s = v, - v f 

^ s 

Suy ra: A if - ——— 

v,-v, 

2- Phan loai 

a) Theo tac dung khuech dai: 

- Hoi tiep difOng la mach cd tac dung lam tang do khuech 
dai. Tru'dng hop nay ta cd: A vt > A v „. 

•- Hoi tiep am la mach co tac dung lam giam do khuech dai. 
Trufdng help nay ta cd: A v i < A v „. 

b) Theo dang tin hieu: 

- Hoi tiep dien ap la mach lay dien ap ra v„de tao dien ap 
hoi tiep v t dtfa trd lai ngd vao. 

- Hoi tiep dong dien la mach lay dong dien ra i„ de tao dien 
ap hoi tiep v ( dtfa tret lai ngd vao. 

c) Theo each ghep: 

- Hoi tiep song song la khi dien ap ngudn tin hieu v N va dien ap hoi 
tiep V| ghep song song nhau Ndi each khac, hoi tiep song song la khi hai 
tin hieu v v va v t cung dtla vao mot cut cua transistor. 

Trifdng hop nay ta cd: v - v t + v, —» v. = i* ( - v, 

- Hoi tiep ndi tiep la khi dien ap ngudn tin hieu v s va dien ap hoi 
tiep V! ghep ndi hep nhau. Ndi each khac, hoi tiep ndi tiep la khi hai tin 
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Mach dien tur - Ta 


Nuuvcri Tan Phtfdc 


hieu v y va v t - dut vao hai cut khac nhau cua mot transistor. Thi du: v s clifa 
van cut B con V| dtfa vao cUe E cua transistor. 

Tnfttng help nay ta co: v ( = v\ - v, —>- v\ - \\ + 1 ' ; 

Mach hoi tiep co ten gpi day du gom ca ba phan thco ba each phan 
loai Iren. Thi du: math hoi tiep ant dong dien ghep noi tiep, hoi tiep am 
dien ap ghep song song. 

Viec tinh loan, phan tich nguyen ly cua cac kieu khuech dai hoi 
tiep sc dutfe ndi to trong chtfPng "Khuech dai hoi tiep”. 

§ 1.7- CACH TINH HE SO ON DINH NHIET 

Cac thong so cua transistor cteu hi thay doi theo nhiet dp, 
trong do co ba thong so chju dnh hufdng I (in nhat la dong dien ri 
Irtio, dp khuech dai (i va dien ap phan cifc V uli . 

Be U'anh anh hifetng cua nhiet dp len cac thong so cua transistor co 
the lam sai diem Umi viec tinh Q, ngifefi ta dung nhieu each phan cut cho 
transistor, moi each phan cifc co tac dung va hieu qua on dinh nhiet khac 
nhau. Be dac truing cho tac dung va hieu qua on dinh nhiet, ngUtii la dinh 
nghTa lie so on dinh nhiet la: 

S: stability (do on dinh) 

S :phu dinh cua S 

S eon dutfc gpi la "dp bat on dinh". Cach gpi nay hop ly hon 
vi theo dinh nghTa S cang nho thi mach cang on dinh vc nhiet do, 
nghia la .S' cang nho thi "do bat on djnh cang thap". 

Cong thufc tong quat do tinh he so on dinh nhiet S la: 

.9 = 

q - a 

trong do: q la he so tuy thuoc each phan cifc cho transistor 
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Chi/cfng l 


Ly ihuyct cri ban cua mach khucch dal 


a la he so khuech dai dong dien rap kieu B chung 

a _ !j_ _ _P_ 
i f p +1 

He so q dtfclc xac dinh theo each phan ede trinh bay trong 
bang mach thiet ke mau sau: 

+ Xet mach phan etfc hinh 1,14a, he so on dinh nhiet la: 


q - a 1 - a 


- = >3 + 1 


Day la he so on dinh nhiet kem nhat vi p Idn khoang vai tram. 
+ Xet mach phan ctfc hinh 1.14b, he so on djnh nhiet la: 

, , , , Rt- 


HA 
R. 


q - a 


Ry , Ry 

- a 1 - a + 


Neu transistor cb p Idn thi 1 - a*(l. Do do: S 


i + R - 
R„ 
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Mach dien ui*- Tap 1 


Nguyen Tan Phtfdc 






Chiftfnq 2 


MACH KHUECH DAI TIN HIEU NHO 

§2.1-DAI Cl/tfNG 

Transistor la linh kien cd tinh nang khuech etai dien ap va 
khuech dai dong dien non vai trd cua transistor rat quan trong trong 
cac thiet hi dien id. 

Transistor la linh kien phi tuyen nhufng khi xet trong pham vi 
bicn thien nhd thi mufc do phi tuyen linh hudng khong ldn nen ed 
the xem nhif much tuyen linh. Trong cac mach khuech dai tin hieu 
nhd, transistor ddOc ve thanh mach tifdng duftfng gdm cd cac dien 
trd va ngudn dong dien de cd the tinh loan va phan itch nguyen ly 
theo ly thuyet cua mach tuyen tinh. 

Vice linh loan, phan itch mach khuech dai dung transistor 
gdm cac phan: 

1) Tinh loan trang thai phan cifc mot chieu cua transistor. 

2) Tinh cac thong so ky thuat cua mach d trang thai xoay 
chieu. 

Khi tinh toan trang thai phan cifc mot chieu cua transistor la 
cd the dung phifdng phap loan hoc hay dung phifefng phap do thi. 
De tinh loan cac thong so ky thuat cua mach, ta thifdng dung mach 
tlfdng difdng cua transistor. 

§2.2- TINH TRANG THAI MOT CHIEU CUA TRANSISTOR 
1. Dung phufrtng phap toan hoc 

Mach khuech dai hinh 2.1a d cifc B cd cau phan ap Rm - 
RH 2 va cite E cd dien trd on dinh nhiet. 

De linh toan dien ap va dong dien d tifng cifc phai ap dung 
dinh ly Thevenin de doi ngudn. 
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Mach dien ti3r — Tap 1 


Nguyen Tan Phtfdc 


BB 




V x R ” ,| 2 x 3>6 ^ 

rr i? 8l +fl 82 22 AO + 3,6 kZl 

^_bi _ 22 k£l x 3,6/cQ ^ 3 ] 
tf 8l + fl 82 ” 22kQ + 2,6kQ " ' 


\jv 


Mach dien hinh 2.1a se dtfdc doi lai thanh hinh 2.1b de tinh 
dong dien Ib theo cong thu’c: 


y bb - v u = 1,7-0,7 

R„ + (i R f: 3,1 kQ + ( 1 00 X 0,5 kQ) 


=> I B ~ 0,02 mA 


«n. < 

22kfK 


^B2 ^ 

3,6kQ 1 


1 


+12V 


1 




; Rc 

2,5kO 

p = 100 


< 

0,5kQ 


Hinh: 2Aa 


Suy ra: Ic = P Ib = 100 x 0,02mA = 2mA 
1 Q = Ic = 2mA 
Tinh dien ap cac ctfc: 

V E = I e R e = 2.10' 1 x 0,5.10 3 = IV 
V B = V E + V BE = 1 +0,7= 1,7 V 
V c = V cc - (IcRc) = 12 - (2.10' 3 x 2,5.10 3 ) = 7V 
Vcc = V c - V e = 7- 1 =6V 
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ChiTdmi 2 


Mach khuech dai im hicu nho 



Hinh: 2.1b 


2. Dung phutfng phap do thi: (hinh 2.2) 

Tren dac tuyen ngo ra I q! V C e, co the ve difdng tai tinh theo 
phiftJng trinh duftng tai: 

V - V 

j _ V CC V CR 

c R c + R e 

Buftng tai tlnh la discing thang di qua hai diem: 


R c + R E 


va Vce = Vcc 



6V 

Hinh 2.2 
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Mach dien tiir- Tap 1 


Nguyen Tan PhuVic 


Diem lam viec llnh Q la giao diem ciia during tiii tinh va 
dicing dac tinh i?ng vtfi = 0,02mA. Toa do diem Q la Q (I c = 
2mA, Vcr = 6V). 

PhUUng phap toan hoc va phUcfng phap do thi nhU vifa phan 
tich <5 tren la dung de tinh (rang thai mol chicu ciia mach khuech 
dai da difdc thiel ke sdn vdfi dien ap nguon va cac dien trd phan cifc 
nhat dinh. Van de ngUdc lai la phai chon dien ap nguon va tinh tri 
so ciia cac dien trof phan cifc cho transistor sao cho transistor boat 
dong theo mot yeu cau ky thuat cu the va gpi la thiel ke mach 
khuech dai tin hieu dung transistor. 


§2.3- THIET KE MACH KHUECH DAI TUYEN TINH 
1. Chon kieu mach khuech dai 


Gia sif chon mach khuech dai theo kieu thong dung nhat la 
mach khuech dai rap kieu E chung, tai Rc, dien trot on dinh nhiet 
va cUe B dtfcle phan cifc bing cau phan ap (hinh 2.3). 


+ v rr 



i 


Hinh: 2.3 

Chon dien ap nguon V rc = 9V la mtfc dien ap thong dung 
cho cac mach khuech dai tin hieu nhd. 

Chon transistor cd \] = 100, h lc = 2,5kQ va chon he so on 
dinh nhiet S = 20. 
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Chifdng 2 


Mach khucch dai tin hieu nho 


2. Xac dinh diem lam viec tTnh cua transistor 


Ta to: 
Suy ra: 


h„, = r h + pr L . ~ (lr 
_ 2, 5 kQ. 

p~ ioo 


= 25 Q 


Mai khac, (.lien tni r L . eon clii’de tinh theo cong thife: 


26 in 1 


r a 


26 in !' 
r 


26 mV 
25 n 


1 m A 


Ic lu = I mA 

Thong Ihififng. dien trd R<- va Rl difdc chon sao cho: 

V n . ' 1-2 V, r va [. R,. * — V cc 

10 

3. Tfnh dien trot Rr 

Chon: I h Rr = — V,, => R. = — - = --—r = 0,9 kQ 

' ' 10 10/, 10x10 

Lay dien trcl Ra then tri so" tieu chuan la R|. = 1 kQ 

4. Tinh dien tr</ R t - 

Chon V C[ : = Vi V C c = Vi x 9V = 4,5V. 

CJ ngo ra ta cd dang thtife: 

Vrr = Ic Re + Vcf. + It Re 

^ R J!±<. ~ V <r-’, R, = 9 - 4,5 - ( l 0~ J X 10’) 

^ ' /, 10 3 


=> Rr = 3,5kQ 

Lay dien tret R ( - theo tri so lieu chuan la: Rf = 3,3kQ. Khi 
chon tri so R<_- va Rt theo tri so’ tieu chuan thi dien ap V ( t se bj thay 
doi chut it tie n dac luyen 1 (7V<-e- 

5. Ttnh dien trd Rri - Rbi 
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Mach dicn tiir - Tap 1 


Nguy6n Tan Phirdc 


V 


m 



R, 




4 




ik 


Hinh 2.4a 


Dc ti'nh iri so Rm - Rio, dau ticn phai ti'nh tri so R u va V BH 
theo match tifting (lifting diftlc quy doi ra tif dinh ly Thevcnin (hinh 
2.4a). 

Ta da diet he so"on dinh nhiet difttc ti'nh theo edng thiVe: 

S = — = 20 (hinh 1.14d) 

ft 

Suy ra: — = 20 R H = 20 R r 

R, L 


=> Ru = 2«x lkQ = 20kQ 

Theo much dicn hinh 2.4a & ngo vao ta co dang thtfc: 
Van = hiRn + Vde + IeRe 

I 10' 3 

Trong do: Ie = 1mA, I„ = — =-- 0,01mA 

6 " p 100 


Thay vao ta cd: 

V BB = (0,01.10 o x 20.10’)+ 0,6 +(10 3 x !()’)= 1,8V 
Theo dinh ly Thcvenin ta cd: 


V - v x 

V BH V CC 




R/<\ + R ni 


R 


I 

Rri + 


3R 



Chifdng 2 


Mach khucch dai tin hicu nho 


Giai phifdng trinh c6 hai an so nay ta tlm cliTdc tri so cua R^i 
va ■ 

Rin = 1 OOkQ, R,i2 = 25kQ 
Chon dien Rm va R H : theo tri so lieu chuan: 

Rh, = K)()kS2, R[n = 27kQ 


6. Nghiem lai tren mach dien 

Trinh ti t nghietn lai tren mach dien pong nhu 1 each tinh 
trang thai mol chieu theo phifdng phap loan hoc va tinh tren mach 
dien hinh 2.5 nhu* da thiet ke. 


V — V x 

v H/j v rr x 


K,n 




- 9 x 


21kQ. 


100*0 + 27*0 


* 1,9F 


R m R /r _ 1 OOA'Q x 27kQ 
R m + R /r ~ 100 kQ + 27 kQ. 


21,25 kQ. 


h 


V*h ~ V*>. 
R, + fiR,. 


1,9 -1,7 


= 0,01 m/1 


21,25*0 + 100.vl*Q 
Suy ra: If = li-; = (Mb = 100 x 0,01mA = 1mA 


+5V 


i 


100kfi 3) 3kf2 

1,7V J 5,7V 
V IV 

27kn ■; t :> ikn 

1mA I 


1mA " 


Hinh: 2Ab 
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Mach dien tuf - Tap i 


Niiuyen ran Phirdc 


Tfnh dien up cue chan: 

v c = i b R[ = in '* io' = iv 

V« = V E + V HI . = 1 +0,7= 1,7 V 

Vf = Vcc - lc Rr = 9 - (I0 ' x 3,3.10 1 ) = 5,7V 

V CE = V ( - - V r; = 5.7 - I = 4,7V 

Mach dicn hinh 2.4b co cac dien trd vdi in so iheo thiet ke 
dtfdc chon theo trj so ticu chnan. 

7. Nghiem lai theo phiftfng phap do th| 

Plufdng trinh difdng uii la: 

I. = V cc - v r B 

Rf + R|£ 


Neil Vf E = OV ihi: 


I ( I ( [IW\ 


V (V 


R,+R, 3,3.10- +10 


- - 2,]mA 


Ncu It- = 0 thi V CE = V cc 

Difftng tai tTnh la dufing thing noi hai diem Vcf. ~ OV va If = 
2,1mA. Diem lam vice tlnh Q co toa dp la (V CE = 4,7V, If = 1mA). 


I { , mA 
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C hir'dtig 2 


Mach khuech dai tin hicu nho 


§2.4- PHAN TICH MACH KHUECH DAI BANG MACH 
Tl/OfNG DLfCfNG 

1. Mach tiitfng difdng etia transistor 

Mach lifting difttng cua transistor cd the ve nhif hinh 2.6, 
trong <ld i'h la dicn trd tif cu’c B vao giifa vung ban dan cua cite B, 
la dicn tret thuan d trang thai xoay chicu cua moi noi BE, r c la dicn 
trd nghich ciia moi noi BC. 

Dicn trd ti, cd tri so nhd khoang vai chuc ohm den vai tram 
ohm. Bien trd r c la diet! trd dong cua moi noi BE non difdc tilth 
theo edng thifc cua diod la: 

26 mV _ _ 26 mV 

TJmA) ^ 

Dicn trd r t - la dien trd nghich cua moi noi BC non cd tri so 
rat Idn khoang vai tram kQ licit difdc coi nhif each dicn giifa B va 
C. Do do, khdng cd dong dicn tit cite C qua moi noi BC ra d cifc B 
nhifng cd dong dicn [<-■ qua moi noi va ra d cite E. Nhifvay, d ngd ra 
much lifting difttng difdc doi lai la cite C khdng dinh vao cifc B va 
cd ngudn dong dicn di tif C qua E nluf hinh 2.7. 


C 

* 

+ ■ plian cut 
A ldgutfc 

B --* O B 

+ 

yf piian at 
thiim 

i 

E 




Hnh 2.6: Mich ttf mg ditmg Ih diod 
lit dim tro 


Hnh 2 7: Mich titnigditOng la dicn 
troi a_ ngih idong 
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Mach dien trt - Tap 1 


Nguyen Tan PhUde 


Mach tiftfng Ju’dng cua transistor dung thong so h (Hybrid = 
lai) goi la thong so lai. Trong hinh 2.7 cho thay cac thong so cb y 
nghTa nhu* sau: 

- ib la dong dien cua tin hieu b ngo vao, dong nay cd tri so tuy 
theo dien trb n, va r c goi la dien trb ngo vao. 

- i c la dong dien cua tin hieu iS ngo ra, dong dien nay cd tri so 
tuy theo dong dien ngo vao ib vi: 

i t = pih hay Air = pAI[i 

Tir mach tu'dng hinh 2.10 cd the viet duYJc hai phiAtng truth: 

• Vb L thay doi theo ib va v cc 

• i L thay doi theo i h va v L . L . 

Ta cd: Vbc = hi|i h + hi 2 v cc hay AV BE = huAl B + h^AVo- 
\ = h 2 1ih + h2W, c hay AI C = h 2 |AIu + h 22 AV rE 

TTf hai phddng trinh tren ta cd the xac dinh difdc y nghTa va 
gia tri cua cac thong so h nhif sau: 

4- Gia thiet AV C f = 0, ti?c la V CE la hang so thi: 

A V lfi 

la dien trb ngo vao. ddn vi la Q. Trong 

much rap E chung goi la hj c (i: input), 
la ti so dong dien ngo ra va dong dien ngo 


/; M = 


A I 


= 


A/,, 


vao (do khuech dai dong dien), khong 
cd ddn vi. Trong mach rap E chung goi 
la hi c (f : forward = thuan). 

+ Gia thiol AIu = 0, nJc 1 B la hang so thi: 


A K, 


la ti’ so dien ap ngo vao va ngo ra (do 

khuech dai dien ap nglide), khong cd 
ddn vi. Trong mach rap E chung goi la 
h rc (r: reverse la quan he ngu’dc). 
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ChirOng 2 


Mach khucch dai tin hicu nho 


h n2 - -— la nghich dan cua dien trcf ngo ra, don vi la 

AV n , 

I/O = mho. Trong mach rap E chung goi 
la h OL . (o: output). 

Trong thifc tc thong so h rc it difdc sif dung vl gia tn rat nhd, 
thong so h o0 la nghich dao cua dien trcf ra co dOn vi la mo khdng 
thuan lien cho tinh loan nen thufdng cho dien trd ra la n, chinh la 
nghich dao cua h iw; . 

Thong so h cua mot transistor dien hinh B32 1 cd: 

h IL . = 4000Q, h, c = 100, h rt . = 6.10 \ h,,,. = 20^n 

2. Mach tiMng dtftfng kieu E chung 

- Tong tret ngo vao: 



Thong so h, c con goi la r^., y chi tong tret gidu cifc B va cue E. 


Tong tret ngo ra: r B = — 

li 


vai chuc kQ den vai tram kfl 
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Mach dien luT — Tap 1 


Nguyen Tan Phifdc 


Do tri so r n rat Wn nen nhieu tnldng hdp co the bo qua r tl . 
Do khuech dai dong dien: 


A, =h h . ? 


(vai chuc den vai iram) 


- Do khuech dai dien ap : 


v v 
A, - - = - 


i.R, 


P ‘„ R , 


Lh, 

t> if 


A = -P~— 

h 


(vai tram Ian) 


3. Mach tutfng duftfng kieu B chung 

- Tong tret ngd vao: 


l 'i l A\ + V'/, 




r - 


P v;+ 'i,n, 
~ P‘„ 

P>\ + 

P ~ 


r - 


1 p 


- Tong trd ngo ra: 

v 


( = vai chuc Q) 


r a ^ 


( s= vai tram kQ vi BC phan cifc nglide) 


- Do khuech dai dong dien: 


i i Bt. 
A. = = -J- = ' ' 


p 


iP + 'k P + 1 

- Do khuech dai dien ap: 


=r t 
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Chifdng 2 


Math khiicch dai tin hicu nhd 


A = 'jj _ Zh R > _ P R < 


v, -i r. 


A, = pf~ 

h 


p 


- vai tram lan) 


<£> 


B 


R< 


c 

k 


Hinh 2.9: M ach titong ditong, kieu B ch ujig 


4. Mach ttfc/ng dUWng kieu C chung 

- Tong trot ngo vao: 

r 'j r h + Z Z + ', R i 

i, i>. 

r,=r*+ Pz + P R i: 


t\ ~ h jc + pR t ( a vai tram k£2) 


- Tong tret ngo ra: 

Khi dtfng tu 1 ngo ra nhin vao much va noi tat nguon v s thi 
mach tilling dilitng difefe vc lai nhi! hlnh 2.11. 


Ta co: 


e - v - v 

l. i. 
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Mach dien td- Tap I 


Nguyen Tan Phifdc 


B r »> C 



Hinh 2.10: Mach ttiong dnang kicu C chung 


Theo much Ming during hinh 2.14 thi cac dien tref r,, rb va 
p.r c ghep noi tiep nhau va song song vdi dien trd tai Re- 

Ta co: v c = i c R E = i h (r s + r b + fir,.) 

„ _ v , _ h + h + (ir, ) _ r, + r h + fir t 

P 


( « vai chuc Q) 


Ph 



B 


r L 





Hinh 2.11: Mach tiCang ditong nhin tU ngo ra 





Chudn^ 2 


Mach khuech dai Cm hieu nho 


- Do khuech dai dong dicn: 

A _ i 0 _ . (P + l)i b 


A,=fi + \ 


- Do khuech dai dicn ap: 


v v 

A, = - = ^ = - 
v. v, 


i< r e 


PR, 


h h + K r < + R f. r k +pr t +0 R h 
(vi r h + |5r c « PR e ) 


A v % 1 


5> Phan tich mach khuech dai h5ng mach ttftfng duftfng 

Cho mach khuech dai hinh 2.12a, ta co the chuyen sang 
mach tLTOng duVfng nhU’hinh 2.12b va 2.12c. 



Hinh 2.12a: Mach khuech dai Hinh 2 . 12b: Mach tiCcmg ditemg cua 

di&n hinh t ransistor theo tho ng $q_]i 
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Mach dicn tuT - Tap 1 


Nguyen Tan Phifdc 



Hinh 2.12c: Mach ttfong du ang bao 
gom ca R B1 - R B2 - R c 


Trong hai mach tuUng dtfong co cac thong so: 

- h lc : tong trd vao cua transistor theo kieu E chung 

- 7\\ tong trd vao cua much bao gom Rbi//R82^hic 

- r n : tong trd ra cua transistor theo kieu E chung 

- v 0 -: dien ap ngd ra luc mach khong co tai R[_ 

- v t> : dien ap ra luc mach co tai R\ 

Tit hai mach tifOng diAfng Iren ta co the tinh dtf<fc cac thong 

so sau: 

- Tong trd vao cua mach: 

Z, = Rm//R B2 //h lc vdi R h - 

R n\ + R n; 


*A 

R h + K 


- Dien ap tin hieu ngb vao: 


Z. 


v. - v. 


Z" H- v 


- Dp khucch dai dien ap cua transistor: 

Trong mach tilling drfdng 2.12b ta cd R<~//R|_ gpi la R|.. 
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Chufdnjz 2 


Mach khuech dai tin hicu nho 


*: - R ‘ *‘ 


R ( + R l 


Do khuech dai dien ap kieu E chung: 



- Dp khuech dai dien ap toan mach: 

* . v, „ Rl Z, 

A vs ~ A v = ~ P ^ 

v. Z. Z + r 



- Prong mach lifting difting hinh 2.12c ta con cd cac quan he 
Dien ap ra khi cd tai: 

R,. 


v 0 - V 


0 r 0 + R,. 

Suv ra : v (r + R.) = v 

. \> \ (> 1 / n i 


(v 0 : dien ap ra khong tai) 


r* = — R l - R l 

V 



§2.5- TINH CAC THONG SO CUA MACH d TRANG THAI 
XOAY CHIEU 

Mach dien hinh 2.4 dift.lc ve lai day du nhu - hinh 2.13a vdi 
cac tu dien lien lac va tu dic*n phan dong. 

Hinh 2.13b la sd do mach tufting difting d (rang thai xoay 
chieu rail hinh 2.13c la dac tuycn ngd ra vdj ddclng tai dong. 

1. Trilfrng help co tu dien la Ck 
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Chiftfng 2 


Mach khuech dai tin hicu nhd 


v 

Dicing lai dong la di/cJng thSng cat diem I c = —— va di 

R c 

qua diem lam vice unh Q (hinh 2.13c). 

Thong so cua mach diidc tinh theo cong thtfc cua each rap 
eife E chung. 

Ta co: 

- Tong tnf van cua transistor: 

r, = h K = 2 i 5kQ (da cho tnfdc) 

- Do khucch dai dong dien: 

A t = P = 100 (da cho tnfdc) 

- Dp khuech dai dien ap rieng cua transistor: 

A v = -P — = - 100 x 3,3-10 = -132 
/?,, 2,5.10' 

- Tong ti'cf van chung cua mach: 

R, = H k //Rb (vc'li Rb = Rbi^Rh:) 

» 2,5*Qx21,25AQ 

1 h k +R H 2,5*0+ 21.25Ail " 

Ncu nguon tin hicu xoay chieu la micro thi noi tri'i nguon r, = 6000. 

- Do khuech dai dien ap chung cua mach: 

a -A R > 

v, R, + r, 

A in 2 ' 2kQ 1M 

A.. = - 132 x-- -103 

2,2 kQ, + 600Q 

2. Tritffng hdp khong co tu dien Ck 

Neu khong co tu dien phan dong Ce thi cifc E khong diftfc 
noi mass d trang thai xoay chieu, mach titling diking duWc ve lai 
nhif hinh 2.13d. 
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X 

tlinh 2.13d 


Trifling hdp nay dutlng tai dong cung chinh la diftfng tai tTnh. 
Cue thong so cua mach 3 (rang thai xoav chieu difOc tmh lai: 

- Tong trot vao cua transistor: 

r + X, 

r, = it + pr tf + pR^-; = h lc + pR h 
= 2,5k£l + 100 x lkQ = U)2,5kQ 

- Do khuech dai dien ap rieng cua transistor: 

a = X = _ LJk. = - £h!k = _ « R s 

‘ v ( i„r, i h (/,, + /?*,) + PR, 

Do pR R » h lL , nen: 



Do khuech dai dien ap khi khong co tu Cr bi giam rat nho. 
-Tong trd vao cluing cua mach: 
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Chucfng 2 


Mach khuech dai lin hieu nho 


R.-n/iR, 


102.5*0 x 21,25*0 

-= 17,6*0 

102,5*0 + 21,25*0 


- Do khuech dai dien ap chung cua mach: 

A vo = 4 x —L = -3,3 x- — — - 

R, + r s 17,6*0 + 6000 


-3,2 


Nhan xet: 

Khi mach khuech dai dung transistor rap kieu E chung co 
dien tret R E on dinh nhiet va khong co tu phan dong C E thi tong tret 
vao se tang len va do khuech dai dien ap bj giam xuong. Day la 
mach khuech dai hoi tiep se phan tich ky trong chitting “Khuech dai 
hoi tiep”. 

3. Trtfifng htfp co dien trd tai R 


+Vcc 



c. 


K< 


B + 



Hinh 2.13c 


Hinh 2.13f 


So do hinh 2.13e va 2. i3f la truing hop co dien trd tai R L va 
mach fitting ditting. 


Theo mach fitting difdng ta co R E = Rc//Rl, luc d<3 cac thong 
so”ciia mach dddc tinh lai nhU sau: 



(khi co tu C E ) 
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Trong do R l goi la tai xoay chieu cua mach. 

§2.6* MACH KHUECH DAI NHIEU TANG 


Xet mach khuech dai hai tang dung transistor rap kieu E 
chung nhur hinh 2.14a va much tifdng dtfdng hinh 2.14b. 

Trong mach tudng dudng cd cac dien trcf: 

R| = R|1|//Rb2 

h, L -i = rh +PR e (tong trd vao cua T|) 
h li; 2 = r b +PRc- (tong trcf vao cua Ti) 

R 2 = R b V/Rb4 



Hinh 2.14a Hinh 2.14b 


Be tien viec tinh loan ta co the ve lai mach tiTrtng dUdng ddn 
gian hdn nhiThinh 2.14c. 

Trong hinh 2.14c co R;i = R|//hj e i la tong trcf vao chung cua 
tang khuech dai thtf nhat, R ,2 = R 2 //h , e 2 la tong trcf vao chung cua 
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drifting 2 


Mach khuech dai tin hicu nho 


tang khuech dai thuf hai. Nhu’ vay, tong trd ngo vao chung cua tang 
khuech dai thur hai chinh la tai cua transistor T|. 



Hinh 2.14c 


Do: R(i » h 10 i va Ri » h l0 2 nen 

va R ,2 * hj e 2 

Ta con co: Rli = Rn//R .2 * Rci/Zhiei goi la tai xoay chieu 
cua Ti va Rli la tai xoay chieu cua T 2 . 

Ta co the tfnh do khuech dai dien ap cua tifng tang khuech 
dai theo cCng thufc: 

4 = - A — 

K 

Tang 1 co: A n = - A •— = - A V" — 


Vl 


' w\ 


Do 


Rci » hic2 nen R<V/h, C 2 * h, tf 2 


=> A 


1 1 — 



Tang2co: - -/?, 

" Ki ' K, 

Do khuech dai dien ap chung cua ca hai tang: 
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Mach dien tuf 


Nauvcn Tan Phtfdc 


A = A v\A‘i =PiPi -r 2 - 7 " 

n /J -> 

Jt'l h'2 

=> 4 = P\Pi y 1 - 
Ki 

Nhif vay, do khuech dai dien ap chung ciia hai tang khuech 
dai ti le vdi tfch so (3 1 . P 2 va ti so ciia tong trd ngo ra tang euoi va 
tong trd ngo van tang dau. 


§2.7- MACH KHUECH DAI RA d CLfC E 

Mach khuech dai ra d ciic E la inach khuech dai dung 
transistor rap kieu C chung, co tin hicu vao cue B va ra d cifc E. 
Mach nay con dude gpi la mach khuech dai dem vi cd lac dung doi 
t£f tong tret kin d ngo vao thanh tong tut nhd it ngo ra de dung hop 
vdi cac tai can dong Idn (tuTc la tai cd tong trd nhd). 

1. Set do - Mach tutfng dUWng 

Cac thong so ky thuat ciia transistor: 

- Tong trd ngo vao nhin ttf cUc B vao transistor: 

r, = h lc + pR F _ (vdi h lc = r h + pr L ., h lc con goi la r hc ) 

- Tong trd ngo ra nhln tif cufc E vao transistor: 



- Do khuech dai dong dien: A, = P + l 

- Dp khuech dai dien ap: Av = 1 

- Gdc pha: dien ap tin hieu vao va ra ddng pha nhau. 
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Chitting 2 


Mach khuech dai tin hieu nho 



bhnh 2.15a Mnrh hi mark dai Htnh 215b: Alnrh. tiimg rhtmg 


2. Dac diem cua mach 

Khi linh thong so ky thuat cua toan mach thi phai xet den 
cac dien tret phan ctfc va dien trd tai. 

+ O ngd vao cau phan ap Rbi+Rb? ddi thanh Rb = Rbi// Rb 2 - 
Ta cd: v, = ih h, c + i L . R E 

v, = is h lc + (1 + (3) ih Rb 

Suy ra tong trfi vao cua toan mach nhin tef arc E khi co Re: 


n =-=K +(\ + P)R t 

t. 


Tong trd vao ciia toan mach khi nhin itf ngudn: Z,= Rr // n 

+ Khi xet tong trd ra, dung dinh ly Thevenin de tinh lai 
ngudn tin hieu va dien ap ngo vao: 


R r — R r H r < ~ 


R u + C 


R 


V. = 


R h + R s 
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Mach dicn ift - Tap 1 


Nguyen Tan PhiftHc 


Ta c6: 


va 


'/> = 


v.. = 


R H+ l K , + {\ + fl)R k 

v 0 = i c R[i = (1+ (3) i b R E 
(1 + /?)/?,v £ 


V\ 


° ** + />,, + (i + /?) r e r„ + a„ 

i + /? 

Ncu co dien tret tai Rl thi tong tref till: 

Ri = Rl // Re 

K v s 


+ R k 


Luc do v„ la: v.. = 


R » + K + R 


l + /> 


Trong phan phan tfch much tudng dudng, ta cd edng thtfc tinh 
tong trd ngo ra: 


r, = 


'v ' 
-*--l 

V V 'o ) 


R'l 


Thay tri so cua v„ van r„ ddn gian ta co: 


r = 


R n + K 
\ + p 


B h >" E 



Hinh 2.16: Mach tit ojig. duang , tjieo dinh ly t heven in 
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ChUOng 2 


Mach khuech dal Lin hicu nhd 


Qua cong thtic tren cho thay, ncu do khucch dai dong dien P 
cang Idn thl tong trd ra r 0 cang nhd va mach cd kha nang cap dong 
cho tai cang Idn. 

Mach khuech dai ra d ctfc E co tong trd ngd vao Z t idn, tong 
trd ngd ra r c1 nhd non mach thudng dung de dung hdp long trd, phan 
each giufa ngudn tin hieu vao va tai d ngd ra. Tong trd vao Idn con 
cd ifu diem la khdng bj suy giam bien dp cua dien ap tin hieu d ngd 
vao, tong trd ngd ra nhd nen mach cd kha nang cung cap dong cho 
tai Idn. ’ 

Tuy nhien mach cung cd nhifdc diem la khdng khuech dai 
diTpc dien ap cua tin hicu vi A v * 1. 




Chifcfng 3 


MACH KHUECH DAI HOI TIEP 


§3.1-DAI Cl/CfNG 

Mach khuech dai cd ky hieu dang sd do khoi nhtf hinh 3.1; 
khi co tin hieu dien dp v\ cf ngd vao, se cho ra tin hieu dien ap v (J d 
ngo ra. Ti so A v = v u /v, diAfc goi la do khuech dai dien ap nhir da 
trinh bay trong cac chddng trutfc. Mach khuech dai kieu nay con 
goi la khuech dai vong hd va va de phan biet vdi mach khuech dai 
hoi tiep, do khuech dai dien ap cua mach khuech dai vong hd dude 
ky hieu la Avo (o: open = hd). 


Taco: A m =^- * — 


Mach hoi tiep la mach lay mot phan nang lifting d ngo ra 
dtfa ve cung cap cho ngo vao de dieu chi’nh lai cac thong so va chi 
tieu ky thuat cua mach khuech dai. Mach hoi tiep trong sd do khoi 
difdc viet tat la FB do “Feed Back". 


Doi vdi mach hoi tiep, tin hieu vao chinh la tin hieu ra cua 
mach khuech dai (cd the la v„ hay i„), tin hieu ra cua mach hoi tiep 
ky hieu la v t dUa vao mach khuech dai chung vdi tin hieu v,. Ti so 
giCfa tin hieu ra va vao mach hoi tiep difdc goi la he so” hoi tiep ky 
hieu la b. 


V| 

Ta cd: b = => Vi = bv„ 

Mach khuech dai co dUdng hoi tiep nhif htnh 3.2 difdc goi la 
mach khuech dai hoi tiep (hay mach khuech dai vong kin). Ti so 
giufa dien ap ra v„ va dien ap ngudn v, bay gid goi la do khuech dai 
hdi tiep ky hieu la A V r (F do Feed Back). 
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ChiAtng 3 


Mach khucch dai hoi tie 



Hinh 3.1 : Mach khuech dai vdng hit 



Ta co: Avf — 

v v 

Neu v„ va v t dong pha: 

, v .. 

V, = V v + V| => v, = V, - V, => A ir = - 

l> . - *7 

Neu v„ va V| nguVfc pha: 

v 

v, = v, =>v v = v, + v, => A n =--— 

v,+t v 

V, ± V, 
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Tongquat: A V i-= 







Mach dien tOr — Tap 1 


Nguyen Tan Phifdc 


§3.2- PHAN I.OAI MACH HOI TIEP 

Mach hoi tiep dupe phan lpai theo ha each: 

- theo lac dung khuech dai 

- theo dang tin hieu 

- theo each ghep giifa tin hieu hoi tiep va tin hieu vao. 

1. 'I'heo tac dung khuech dai 

- Mach hoi tiep difefng khi co hoi tiep se lam tang dp khuech 
dai dien up. Tru’dng hpp nay ta co: Ayr > Ayo. 

- Mach hoi tiep am khi cd hoi tiep se lam giam dp khuech 
dai dien ap. TruPng hpp nay ta cd: Av> < A vo 

2. Theo dang tin hieu hfli tiep 

- Mach hoi tiep dien ap la mach lay dien ap ra v„ de tao 
dien ap hoi tiep v t difa trP lai ngo vao, 

- Mach hoi tiep dong dien la much lay dong dien ra i„ de 
tao dien ap hoi tiep v, difa trP lai ngo vao. 

3. Theo each ghep vdi tin hieu vao 

- Hoi tiep song song la khi dien ap nguon tin hieu v a va dien 
ap hdi tiep v ( ghep song song nhau. Ndi each khae hoi tiep song 
song la khi hai tin hieu v s va v, eiing difa vao mot cite ciia mot 
transistor. 

TruPng hpp nay ta cd: 

V, = V, + v, => v, = v, - v, 

- Hoi tiep noi tiep khi dien ap nguon tin hieu v^ va dien ap 
hoi tiep V| ghep noi tiep nhau. Noi each khae, hoi tiep noi tiep la 
khi hai tin hieu v s va V! du’a vao hai cifc khae nhau eua mol 
transistor. Thi du: v, du’a vao epe B eon V| difa vao cifc E eua eiing 
mot transistor. 

Trifling hpp nay ta cd: 

V, = V, - Vi => v s = V, + V| 
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Chtfdng 3 


Mach khuech dai hoi tic 


Mot much hoi tiep co ten gpi du gdm ca ba phan thco ba 
each phan loai Iren. 

Thi du: - Mach hoi tiep am dong then ghep noi tiep 
- Mach hoi tiep am dien ap ghep song song. 

§3.3- CACH XAC DINH LOAI HOI TIEP 
1. Cong thtfc tong quat 

Trong mach khuech dai vdng hd hinh 3.1 ta cd: 


Avn — 


Xii ^ Xi 
v, ' V, 


(nbi trd r s ciia ngudn thurdng nhd) 


=> v 1) = v, Avo 


Trong mach khuech dai hoi tiep hinh 3.2, neu chi xet lif ngd 
vao v, den ngd ra v„ thi do khuech dai chmh la dp khuech dai vbng 
hd A vo va: 


Avn — 


=> v„ = v, Avo 


Tri/dng hdp xet tif ngudn v^den ngo ra v„ bao gdm ca mach 
hoi tiep thi cd dp khuech dai hoi tiep la: 


Avf = , va \\ = v, ± V| vdi v t = h.v 


v,.Ayo Vj.Ayo 
Suyra: A V p = . . = , . . 

v,±b.v 0 v. ± b.v,.A v 


—> Avf ~ 


Ayp 

Vj± b.Avo 


Gpi mau so" 1 ± b.Avo la theta so hoi tiep F. ta cd: 


F = 1 ± b.A' 


va Avk — 


2. Triifrng hdp F = 1 - b.Avo 

Trong phan 3.1 da phan tich, neu v s va V|- dong pha ta cd: 
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Mach dicn tuf - Tap 1 


Nguyen Tan PhiTde 


Vj = v s + v, => v s = v, — => Avf - 

V t - V, 

Avo 

Suy ra: Avf = i u a => F = 1 - b.A V o 

J - b.Avo 

Ta co eae trifcfng hdp sau: 

a. Neu F = 1 - b.Avo > 7 => Ay/.* < Avo 

Mach hoi tiep co tie dung lam giam do khuech dai nen la mach 
hoi tiep am. Khi do -b.Avo > 0 ~> b.Avo < 0, nghTa la b va Avo trai dau. 

b. Neu F = 7 - b.Ayo <7 => Avr > Avo 

Mach hoi tiep co tie dung lam tang do khuech dai nen la 
mach hoi tiep during. Khi do -b.Avo < 0 => b.Avo > 0 va dieu nay 
ed nghTa la b va Avo cung dau. 

c. Neu transistor co -b.Avo >> 7 thi: 


Avf - 


Av 


o 


vo 


1 - b.Avo b.Avo b 

Trufdng hdp nay do khuech dai hoi tiep Avf la nghieh dao 
va ngtfdc dau vdi he so hoi tiep b. 

d. Neu F = 7 - b.Avo - 0 => b.Avo = / 

Tru'dng hop nay ta ed: 

Avo 


Avo - 


1 - b.A 


ao 


VO 


Vi V t > 

b.Avo = 1 => = 1 

v 0 v t 


=>* = i 


Suy ra: v, -v, 

Luc do, mach ti/ tao ra tin hieu va trcl thanh mach dao dong 
(phan nay se dtfdc phan ifeh irong giao trinh "Mach dien ti‘f - Tap 
2 ”). 

Trifling help F = 1- b.Avo la trifling hdp dien ap hoi tiep V| 
difdc ghep song song vdi nguon tin hieu v... 
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ChuVfnir 3 


Mach khuech dai hoi tie 


3. Trifftng htfp F = 1 + b.Avo 

Trong phan 3.1 ta cOng c6 xet triTdng help v s va Vf ngi/dc pha, 


V, = V, — V, => \\ = Vj + v r 


=> A 


V[ + Vf 


Suy ra: Avf = 


l + b.A' 


=> F = 1 + b.Avo 


Ta co cac truftng hdp sau: 

a) A leu F = 7 + b.Avo > / => Aw < Avo 

Mach hoi tiep co tac dung lam giam do khuech dai nen la 
mach hoi tiep am. Khi do b.Avo > 0, nghTa la b va Avo cung dau. 

b) Neu F = 1 + b.Avo < 1 => Avf > Avo 

Mach hoi tiep co tac dung lam tang do khuech dai nen la 
mach hoi tiep duVfng. Khi do b.Avo < 0, nghTa la b va Avo trai dau. 

c) Neu transistor co b.A V o» 1 thi 


Avf = 


1 + b.A’ 


Ayp 

b.Avo 


d) Neu F = I + b.Avo = 0 => b.Avo — -1 

Trifdng htfp nay ta co: 


Avf — 


b.Avo 


Vi V u Vf 

b.Avo — 1 —> . — 1 => — 1 

V 4> V, V; 

Luc do mach ttf tao ra tin hieu va trdf thanh mach dao dong. 

Tru’dng hop F = 1 + b.Avo la tru’dng hop dien ap hoi tiep V| 
duUc ghep noi tiep vefi nguon tin hieu v K . 
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Mach dicn tft - Tap 1 


Nguyen Tan Phu’dc 


§3.4- BANG PHAN LOAI HOI TIEP THEO THLfA SO HOI TIEP F 


Hoi tiep song song 

A vo 

Avr = 1 - b.Avo 

Hoi tiep noi tiep 

Avo 

Avf - 1 + b.Avo 

F = 1 - b.Avo > 1 => b.Avo < 0 

b va A vo cung dau => Hoi tiep 

am 

F = 1 — b.Avo > 1 — > b.Avo ^ 0 

b va A V (> cung dau -> Hoi tiep am 

F - 1 - b.Avo < 1 => b.Avo > 0 

b va Avo cung dau => Hoi tiep 
during 

F = 1 - b.Avo < 1 => b.Av< < 0 

b va Avo cung dau => Hoi tiep am 

-b.Avo » 1 => b va Avo trai 

. , 1 
dau. Hoi tiep am vdi A V f = - ^ 

b.Avo » 1 => b va Avo trai dau 

, v 1 

Hoi tiep am vdi Avr = - ^ 

F = 1 - b.Avo = 0 => b.Avo = 1 

=> Avf —* 00 va thanh mach dan 
jdong 

F = 1 - b.Avo = ()=> b.Avo = -l 

=> Avf — 1 ► va thanh mach dao dong 


§3.5- HOI TIEP AM DONG DIEN GHEP NOI TIEP 

1- Stf do (hinh 3.3 va 3.4) 

2. Nguyen ly 

Trong scf do hai mach khuech dai tren hinh 3.3 va 3.4, cac tu 
dien lien lac C| - Ci va tu dien phan dong Ce dlfdc chon co tri so du 
Idn sao cho d tan so tieu bieu cua tin hieu nguon v,, thi dung khang 
Xc rat nho nen di/dc coi nhi/noi tat. 

Thtfdng chon: 

C, =C : = IpF -r IOpF 
Ce = 24pF lOOpF 
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(cho f = l kHz) 
(cho f = 1kHz) 






+Vcc 



Hinh 3.4 : Mach khuech dai hoi tiep 

Nhir vay, tu Ce trong much dien hinh 3.3 coi nhu 1 ndi tat dien 
tret Rq xuong mass doi vcii tin hieu xoay chieu. Day chfnh la mach 
khuech dai rap kieu E chung da dtfcfc phan tich trong chitting 2. Do 
khuech dai dien ap cua transistor la : 

!k 

A V o = -[! . ~ vai tram lan. 

Trong mach dien hinh 3.4 khdng dung tu dien Ce nen dong 
dien tin hieu d ngo ra la i c . « c di qua Re tao ra dien ap xoay chieu 
v e cung chinh la dien ap hoi tiep Vf. 

Ta co : v ( = v L . = i L .Rc 
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Mach dien iif - Tap 1 


Nguyen Tan PhuMfc 


Trong chifdng 2 da phan tich va tinh do khuedi dai dien ap 
cua mach chinh la khucch dai hoi tiep: 

Rr 

Av = Avk = ^ 

Dung ly thuyet hoi tiep de phan tich la cd: 

... Xl V e 

- He so hoi tiep: b = - - (dau - do E va C duo pha) 

Il-Re Re 
_> i e Rc Rc 

Trong bang phan loai hoi tiep theo thifa so F La co: 

_ Ayo 
Aaf “ 1+b.Avo 

Do Avo - vai tram lan nen bA V o » 1, nhu" vay: 

Ayo _J_ Re 
b.Avo = b = ' R c 

Ta van cd ket qua nhu’ tren mach tuYIng difttng nhutig each 
tinh ddn gian htJn. 

§3.6- HOI TIEP AM DIEN AP GHEP NOI TIEP 
l)Sd do 


+Vcc 
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ChiTctmi 3 


Mach khuech dai hoi tie 



Hlnh 3,6 : Mach khuech dai hoi tiep 


2) Nguyen ly 

Mach dien lunh 3.5 la much khuech dai hai tang khong hoi 
tiep. Mach nay da difdc phan tich trong ehtfdng 2 va do khuech dai 
dien ap chung ciia hai tang la: 


Avo - Avoi. A\o: - Pi-P:- 


(rat ldn) 


Trong mach dien hinh 3.6, dien tr<’< Rei va R ( difdc them vao 
la cau phan ap lay dien ap ngo ra v„ cho ra dien ap v, tren Rei de 
tao sif hoi tiep. 

Dien ap hoi tiep v t lay tren R^i du’clc tilth bdi cong thu’c: 

Rri 

Vf = V ° ‘ Rq] + Ri 

Theo dinh itghTa ciia mach hoi tiep ta co: 

Vi = bv„ 

Suy ra he so hoi tiep b eua mach la: 


Rei + Ri 


va b > 0 (b la so difcfng) 
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Mach dien Li i - Ta 


Nguyen Tan PhiYbc 


Trong bang phan loai hoi tiep theo thifa so F ta co: 

_ A vo 
AvF “ 1 + b.Avo 

Do A vo rat Idn (> vai tram Ian) nen b.Avo » I, nhif vay: 

Do khuech dai hoi tiep se phu thupc rat ldn vao dicn trd R t . 
Dien trd R t | cd pham vi thay doi khdng ldn lam vi anh hifdng den 
trang thai phan cite mot chieu cua transistor T|. 

Ta cung ed the phan tkh nguyen ly cua mach difa vao gdc 
pha cua tin hieu nguon v„ - v, - v„ va v, nhif sau: 

• Khi v\ cd ban ky difdng thi T| dan rnanh va cdc C| cd 
ban ky am ra clifa vao cite B 2 . 

• Khi Ti nhan ban ky am vao cite B? thi Ti dan yeu va cite 
C; cd ban ky difdng ra, v„ cd ban ky difdng. 

• Tin hieu ban ky difdng cua v„ tao ra dien ap hoi tiep vi 
cung la ban ky difdng nen \\ va v t cung dau. 

Ta da cd: v_ = v, + v t 

=> v, = v„ - v f 

Do v s va V| cung dau nen khi v, hi. giiim hien do se lam giant 
bien do dien ap ra v,„ mach hoi tiep la loai hoi tiep am. 

§3.7- H 61 TIEP AM DIEN AP GHEP SONG SONG 
1) Sd do 
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Chifdng 3 


Mach khuech dai hoi tiep 



Hinh 3.7 : Mach khuech dai khong hoi tiep 



Hinh 3.8 : Mach khuech dai co hoi tiep 


2 ) Nguyen ly 

Mach dien hinh 3.7 la mach khuech dai ccl ban dung mot 
transistor va khong co hoi tiep. Dp khuech dai dien ap ctia mach la: 

Rc 

Avo = -p., (=s vai tram Ian) 

Mach hinh 3.8 cd dien trd R, thay Rb lay dien ap cifc C (V c ) 
de phan ci/c mot chieu cho cite B dong thcii la dien tn’t hoi tiep de 
lay dien ap ra v„ dda trd lai ngo vao. 
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Mach dien tu~ - Tap 1 


Nguyen Tan Phddc 


Dien trd R t ket help vdi tong tref ngo vao h, c tao thanh cau 
phan ap cho ra dien ap hoi tiep V| tinh theo cong thtfc: 

h, c 

V, = V "'h, + R t 

Theo djnh nghla cua mach hoi tiep ta co: 


v t = b.v (l 

Suy ra he so hoi tiep b la: 
h ic 

b = , „ (b la he so dddng) 

Hie + K| 


Theo sd do nay, dien ap nguon v s va dien ap hoi tiep v, eung 
ditdc difa vao ctfc B nen day la much hoi tiep ghep song song. 

Ta cd: v, = v„ + v ( => v s = v, - v, 

Trong bang phan loai hoi tiep theo thufa so F ta co: 


Avf = 


Ayp 

1 - b.Avo 


Do Avo rat Idn (* vai tram lan) nen b.Avo » 1 va nhir vay: 


Avo 

1 

h lc + R t 

Avh " - b.Avo 

= "b = " 

h, c 


Do khuech dai hoi tiep se phu thuoc rat !dn vao dien tid R, 
vi tong trot ngo vao h, L . doi vdi mdi transistor gan nhd khdng doi. 

Ta eung co the phan tich nguyen ly cua mach difa vao gdc 
pha cua tin hieu nguon v,, - v, - v„ va v t nhd sau: 

• khi v s cd ban ky ddctng thi ngo ra v„ cd ban ky am do 
mach khuech dai dao pha, v„ cd tin hieu ban ky am, 

• do he so b di/dng nen dien ap hoi tiep v f cd ban ky am. 

• dien ap ngd vao v, nhan hai tin hieu v s va v ( la hai tin 
hieu dao pha nen tin hieu vao hi giam nhd se lam cho tin 
hieu ra v„ bi giam, mach hoi tiep la loai hoi tiep am. 
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Chiftfng 3 


Mach khuech dai hoi Lie 


§3.8- HOI TIEP AM DONG DIEN GHEP SONG SONG 
1) Srf do 


+Vcc 



Hinh 3.9 : Mach khuech dai khong hoi tiep 


+Vcn 



Hinh 3.10 : Mach khuech dai hoi tiep 

2) Nguyen ly 

Mach dien 3.9 la mach khuech dai khong hoi tiep cd hai 
tang. Do khuech dai dien ap chung cho hai tang la: 

Rci 

Avo = Pi-P: . (rat ldn) 

file i 

Trong do la do khuech dai dong dien chung cho ca hai 
tang gpi la do khuech dai dong dien hd (khong hoi tiep) A 1( >. 
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Mach dicn tit - Tap 1 


Nguyen Tan Phttdc 


Ta co: Aio — p|.p 2 => A V o = Ak> —^ 

/? ,,i 

Mach dien hinh 3.10 dung dien trd R r lay dien ap de 
phan cure cho cite Bj thay cho Run dong thdi lay tin hieu ra tren cite 
Et de hoi tiep ve cite B|. Tin hieu dicn ap tren cite E;> do dong dien 
ra i iv = i c z ^ Ki qua Rr: tao ra lien difclc goi la much hoi tiep dong 
dicn. Tin hieu nguon \\ va tin hieu hoi tiep v ( cCing dita vao cite B 
nen day la mach hoi tiep ghep song song. 

Trong mach hoi tiep loai nay ta sc phan tich bang dp khuech 
dai dong dien hd A[ 0 va dp khuech dai dong dien hoi tiep Ajr. 

i 0 i<o 

Ta co: Aio = . = . = Pi (T (da tfnli nhif tren) 

>1 'hi 

Tif mach hoi tiep dong dicn bang R ( , co the vc mach lifting 
during nhif hinh 3.11. 




Hinh 3.11 : Mach tilling difdng 
i c > — i i + ii 

i i (R( + h lc ]) = i^.Rn: = v L o 

2 . Ri + hie] 

I R F2 

i 12 R (22 Rj + h| C , Rez + Rt + h, c | 

I i] R|- Re2 R[:2 


Ta co: 


= > 


=> 


74 



Ch irons 3 


Mach khucch dai hoi lie 


i L o Rh 2 + Ri ■+■ h lc | 
ii Rm 


do hu i « Rf non 


i c 2 R[-2+ Ri 


Suy ra 


hi R in + R\ 


ma i) = it 


va i (j 2 = 0 


nen he so hoi tiep dong dien la h t difOc tinh thco edng tlufc: 

__ Ii _ Rl-j 
h, “i 0 ~~ Rh2 + Rj 

Do khucch dai dong dien cd hoi tiep gpi la Ajf difdc tinh 
iheo con<z thife: 


A|,: h~R K +R, 

Tir do khucch dai dong dien hoi tiep Air ta cd the tinh do 
khucch dai dien ap hoi tiep Ayr thco edng thtfc: 

Rf 2 

A\ t; = Air , 


—> Avr ~ 


R ,: + R , R <, 


Nhir the do khucch dai hoi tiep phu thude rat ldn vao R, con 
dien ap trd Rn: cd pha in vi lhay ddi khdng ldn 1dm vi anh htfdng 
den trang thai phan cure mot chieu. 

Neu difa vao gde pha ciia tin hicu de phan tich ihi ta cd: 

• khi dien ap nguon \\ cd ban ky dicing thi T t khucch dai 
dao pha cho ra ban ky am, qua T 2 lai khucch dai dao pha 
cho ra ban ky throng d ngd ra v u . 

• tin hicu hoi tiep lay Iren cifc la tin hicu dao pha vdi 
cifc C : d ngd ra nen tin hicu hoi tiep se la ban ky am. 

■ tin hicu hoi tiep v t cd ban ky am cling difa vao cure B vdi 
dien ap nguon Do ngu’dc pha vdi \\ nen no lam giam 
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Mach dien lu 1 - Tap 1 


Nguyen Tan Phlfdc 


bien do cua dien ap tin hieu vao v, va giam dien ap tin 
hieu ra v,„ vi the" much hoi ticp nay la loai mach hoi hep 
am. 


§3.9- ANH Hl/GfNG h6i TIEP AM DEN CAC THONG SO 


Mach hoi tiep am ngoai tac dung tarn giam do khuech dai 
dien ap con lam thav doi cac thong so va chi lieu ky thuat khac cua 
mach nhi/ tong trcV vao Z (i tong trd ra Z m do rung bang thong B. 

Be thay tac dung cua hoi tiep am anh hirdng !en cac thong 
so Iren nhir the" nao, ngifdi ta thirtlng dung mach tudng diAfng de 
phan tich. u day chi’ cho hang ket qua sau khi phan tich, tinh loan 
(phan tich phan, tinh toan rat dai). 

Gqi Z h Z t „ Avo, B la cac thong so ciia mach khi khong cd 
hoi tiep am va gqi Z tl , Z oj -, Bp la cac thong so" cua mach khi cd hoi 
am ta cd hang ket qua nhir sau: 


Cac thong 
so ky thuat 

Hoi tiep 
am dong 
dien tun 
tiep 

Hoi tiep 
am dien 
ap noi 

tiep 

Hoi tiep 

am dien ap 
song song 

Hoi tiep am 
dong dien 
song song 

Tong tref 

ngo vao 

Z„ = Z,.F 

Z„ = Z,.F 

z 

z 

At - p 

Tong tref 

ngo ra 

z u j - Z n .r 

Aif“ p 

z - — 

A.I - p 

Z„i = Z„.F 

J 

Do khuech 
dai dien ap 

A\ i- = 

A U ) 

F 

A vi- = 
Avo 

F 

A y ° 

Avf= p 

— 

> 

< 

■n 

II 

Dp rpng 

bang thong 

B r = B.F 

Bp = B.F 

Bp = B.F 

Bp = B.F 
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Chi/clng 3 


Mach khuech dai hoi tiep 


Trong bang ket qua trcn F la thifa so hoi tiep va F = 1 ± 

b.Avo 

Nhan xel: 

r Mach hoi tiep am dong dien hoi ticp lam tang tong 
trd ngd vao va ngd ra len F Ian. 

> Mach hoi tiep am dien ap noi tiep lam tang tong lid 
ngd vao va giiim tong trd ngd ra F Ian. 

'r Mach hdi tiep am dong dien ap song song lam giiim 
tong trci ngd vao va ngd ra xuo'ng F lan. 

V Mach hoi tiep am dong dien song song lam giiim 
tong tret ngd vao va tang tong tret ngd ra F lan. 

V Tat ca cac mach hdi tiep am deu lam do khuech dai 
dien ap giam xuong F lan va do rong bang thong 
tang len F lan. 

Cac mach hdi tiep am lam tang tong trd ngd vao thifdng 
difdc dung eho tang khuech dai dau tien de khdng lam giam bien 
do cua tin hieu ngudn v s . Cac mach hdi tiep am lam giam tong tret 
ngd ra thU’dng duVfc dung cho tang cuoi cung de tang kha nang cap 
dong cho tai. 

Ngoai cac thong so' ky thuat tren, mach hdi tiep con co tac 
dung giam bien do nhieu, giiim do meo phi tuyen va meo tan so. 
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Chifcfng 4 


MACH KHUECH DAI CONG SUAT 

§4.1- DAI Cl/CfNG 

Mach khuech dai cong suat la much khuech dai cl tang cuoi 
CLing de tao ra cong suat cling cap cho tai. Cong suat cap cho tai 
thifdng khoang vai watt den vat tram watt, cong suat nay thifdng co 
nitfc dien ap kha can hay cifdng dp dong dicn Idn. 

Do much khucch dai cong suat d tang cuoi nen tin hieu difa 
vao mach cong suat cd bien dp ldn vi da qua nhieu tang khuech dai. 
Khi khucch dai tin hieu cd bien do Idn thi transistor khdng difdc xcm 
la mach khuech dai tuyen tinh, do do khdng the dung mach tifdng 
difdng theo thong so h de phan rich, tinh loan cho mach khuech dai 
cong suat ma ngifdi ta dung phifdng phap do thi. 

1. Hang khuech dai trong mach cong suat 

Trong chifdng 1 "Ly thuyet cd ban cua mach khuech dai" cd 
trinh bay dac diem cua cac hang khuech dai A - B - AB va C. 

Doi vdi mach khuech dai tin hicu nhd thi thifdng chi dung 
khuech dai hang A nhifng doi vdi mach khuech dai cong suat thi cd 
the dung ca bon hang tren tuy theo nhiem vu cua tifng mach. 

Mach khucch dai hang A cd hicu suat thap (< 50%) nen chi’ 
dung trong trifling hop cong suat ra nhd khoang vai watt. 

Mach khuech dai hang B hay AB cd hieu suat cao hdn 
(khoang 60% - 70%) nhifng moi transistor chi khuech dai dtfpc mot 
ban ky nen phai dung hai transistor khuech dai luan phicn. 

Mach khuech dai hang C cd hieu suat cao nhat (75% - 80%) 
nhifng cd dp men dang tin hieu rat Idn nen chi dung trong cac mach 
khuech dai cao tan cd tai cong hifdng hay dung trong cac mach 
logic. 
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ChiTiina 4 


Mach khuech dai cong suai 


2. Cac thong so ciia mach khuech dai cong suat 

Ngoai cue thong so ky thuat chung cua cac mach khucch dai 
nhif: tong trd ngo van, tong trdf ngo ra, do khucch dai dien ap 4 do 
khucch dai dong dien ... mach khuech dai cong suat con co hai 
thong so ky thuat dac trifng khac la: 

- Do khucch dai cong suat: la tl so giifa cong suat ra P 41 va 
cong suat vao P,. 


- Hieu suat cua mach la ti so giu^a cong suat ra P 0 va cong 
suat dien mot chicu cung cap cho mach. Hieu suat thifdng tinh thco 
ti Ic phan tram. 

n = — 100% 

p 

r DC 


3. Cong suat tieu tan cute dai cua transistor 

Trong cac thong so ky thuat ciia transistor, cong suat tieu 
tan cite dai Pomax la mol thong so quan trong doi vdi mach khucch 
dai cong suat. Day la cong suat ldn nhat ma transistor co the chin 
dilng lien tuc neu difde giai nhiet day dii. Pomax do chi? dissolution 
(tieu tan), 

Tren dac tuyeii Ic/Vce tri so Pomax chinh la dilctng hyperhol 
ma: P U|IMV = V CE I c , suy ra: I c - 

* CK 

Neu co gia tri Pomax thi ling vdi moi trj so V CE se cho mot tri 
so Ic tilling ufng nhit tren h'inh 4. ]. 

Thi du: mot transistor co Pomax = 500m W 


- neu V CE = 5V 


- neu Vce = 10V 


thi Ic = 5 ° QW ^ = 100mA 
5V 


u , _ 500 mW 

thi Ic - - — 50mA 

10 * 
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Mach dicn tiif - Tap 1 


Nguyen Tan Phudc 


T 500mIV 

- neu Vo; = 20V thi I t - =-= 25mA 

20K 

- neu Vcf = 50V thi Ir = = 10mA 

50V 

Hinh 4.1 la dac luyen 1 c/V<-e minh hoa dlfdng gidi han Pnm.,v 
cho thi du tren. Hai diem nam tren dddng Po ma< vdi tou do la A (!<- 
= 25mA, V CE = 20V) va B (I c = 10mA, V CE = 50V). 

Neu transistor lam viec tren vung cd gach cheo nghia la 
vifdt qua trj so gidi han Pomax thi transistor sc hi hitdo qua nhiet. 


I,. (mA) 



Hinh 4.1: Duon g gid i han P Max 


§4.2- MACH KHUECH DAI CONG SUAT HANG A 

Mach khuech dai cong suat hang A chi dung mot transistor 
nen con goi la mach cong suat dctn. 

1. Mach cct ban 
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Chitting 4 


Mach khuech dai cong suat 



Hinh 4.2: Mach cong sua t co b an 


Trong rnach dien hinh 4.2 dung mot transistor rap kieu E 
chung, tai dat tri/c tiep cl cifc C. 

Thong thiTctng tai co tri so dien trci nho de khi nhan dong 
dien ldn se cho ra cong suat kin, vi cong suat ti’ le vcifi vdi hinh 
phiTdng dong dien theo cong thiTc: P = RI 2 . 

Thf du: Tai la loa trong cac may khuech am thirdng co tong 
tret la 4Q, 8Q hay 16f2. 

Gia thiet tai co dien trd R L = 8Q, Rt = 8Q va Vcc - 12V nhiT 
hinh 4.2. Transistor khuech dai hang A se co: 

V= V 2 Vfc = !/2 12 = 6V 




v - V 

v CC 2 ( X 


1 12 


h, + R>: 


R t + R /t 2 R/ + R/. 28 + 8 


= 375 mA 


NhiT vay, diem lam viec tTnh cua transistor co toa do Q ( V( f. 
= 6V, I c = 375mA). 
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Khao sat dang song tren dac tuyen ngd ra h'mh 4.3 ta cd: 

Ale = 2i LIIUX = 750mA 
AV ce = 2v W = 12V 
Suy ra: i tn1av = 375mA = 0.375A 

x — 6V 

Cong suat xoay ehieu ra tren tai Ri. va R E la cong suat hieu 
dung dtfttc tinh theo cong thde: 




6.r0,375 = l,125» r 


Cong suat xoay ehieu ra tren tai R[_: 
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Chu’dug 4 


Mach khucch dai cong suat 




^ c mav 1 q 

f 0,375 N 

ri) “‘ 

rvs'J 


= 0,562R' 


Cong suat tieu tan nhict trung birth tren transistor: 

I V 1 

P„ = / ( -C r/ . = - x-x - K, 

" ( 2 rt, + /?,. 2 f 


1 V 2 

P D = - x — 

D 4 K, + R e 4 8 + 8 


1 12 2 


= - x - = 2.25W 


Cone suat lieu lan nhiel irung hmh tren lai va R^: 


P*=(R,. +*,)!;-= R l + R, 


v 


C I 


2 *\+R t , 


P, - I x — 


V 


cc 


1 12 2 

= - x -if— = 2,25W 


“ 4 R, + R k 4 8+8 

Doi vc'ti hang A do Vce= ‘/2 V C r nen cong suat Pd = Pr. 


1 


V c 2 c 


1 

+ — X 


V 2 

v cc 


P.- r - P n + P R - — X --, 

4 R l + R e 4 R l + R k 


1 V 2 

=> P cc = i x Vcc 


1 12 2 

= - x -ii— = 4,5W 


2 R E + Re 2 8 + 8 


Hicu suat cua much la: 


n = 100% - --— 100% - 12,5% 

4,5 


< C 


Truttng hcfp khong c6 Re thi hieu suat cua maeh la: 

p 1 1 2S 

7 = 100% - --100% = 25% 


cc 


4,5 


m; 


Day la liicu suat toi da cd the nhan difdc tren tai doi vdi 
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Mach dien Cur - Tap 1 


Nuuvcn Tan PhuVtc 


Nhan xet: 

- Dien trfi trong mach cong suat nhan dong dien tai rat 
ldn nen tieu hao cong suat cung rat ldn mot each vo ich. Trong cac 
mach khuech dai cong suat nhif tren ngi/fii ta thiffing khdng dung 
dien trd R Q Turfing hop can dung R c de on dinh nhiet thl chi chon 
tri so Rh rat nho so vdi tai R L de cong suat tieu hao tren R t , khong 
dang kc. 

- Do tai tluffing co tri so dien trfi nho nen dong dien tTnh qua 
transistor rat Ifin, tri so nay cd the qua gia tri I cmiU eija mot so 
transistor trong khi cong suat tieu tan thifc sir khong ldn lam. 

- Mach khuech dai cd hieu suat thap (r\ < 25%). 

De cai tien ngiffii ta dung mach khuech dai cd bien ap ra. 


2. Mach khuech dai hang A co bien ap ra 

Mach dien hinh 4.4 la mach khuech dai cong suat dung bien 
ap ra di/a tin hieu xoay chieu fi ngd ra cua transistor ra tai Rl. 

Bo bien ap cd ba ti le theo so vdng day N, of sfi cap va N 2 fi 
thi? cap la: 

V N 

• Ti le dien ap: — L = —- 

‘ V 0 N, 


• Ti le ciffing do dong dien: 


L n* 

I 2 N, 


• Ti 16 cong suat: 


• Ti 16 tong trd: 




fNi 

In 2 


Cac gia tri dien ap, dong dien, cong suat trong cac ti 1c tren 
la gia tri hieu dung. 

Neu tai noi true tiep vao eUe C ciia transistor nhU trong hinh 
4.2 thi cong suat P« la cong suat nhiet lieu hao vd ich tren tai va R r .. 
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Chiring 4 


Mach khuech dai cong sual 


Muon tang hieu sual cho much khuech dai nglfdi ta dung hicn ap d 
ngd ra de loai bd cong suat Pr. 



Hinh 4.4; Khuech dai co bien dp ra 


Bay gid Lai la R L dat d thtf cap nen trong tinh Loan phai quy 
doi ve tai d sd cap goi la Rl va linh thco ti le ve tong trek 

^ . R l Z, (N,^ 

Taco: —- = - 1 1 


Rl Z 2 


vN 2 , 


Suy ra: R ’ = R, 


^, V 


N, 


\"1 J 


, N, 


Thi du: tai R L = 8Q, bien ap ra co ti’ le —- = 25 thi tai quy 

N 2 


ve sd cap la: /?, = R, 


{ V, ^ 
v^y 


8(25)’ =5 kQ 
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Mach dien tu’- Tap 1 


Nguyen Tan Phifdc 


l r (mA) 



AV ( , |; 


Hinh 4.5: Dae tuven ngo ra vai tai tin h va tai don g 


Khi xet trang thai mot chieu thi dien trot mot chi£u cua cuon 
sO cap chinh la dien trd cua day ddng quart cuon SO cap co tri so rat 
nhd khoang vai chuc Cl. Nhd vay, dirtlng tai tinh co tri so dien tre’t 
rat nhd (vai chuc Q) nen la duftng gan nhdthang dtfng (hoi nghieng 
ve phia Irai) tCf diem V C e = V<-c ke thang ten. DifOng tai dong cd tri 
so dien trd Ri. ldn h<tn hang tram lan (vai kfl) non cd do doc 
nghieng nhtf hinh 4.5. 

De tan dung edng suat lieu tan cUc dai cua transistor, thifdng 
chon diem hoat dong Q la giao diem gitfa durOng tai tmh va difdng 
cong suat Pum ax , difdng tai dong se di qua Q va tidp xuc vdi difdng 
Pomax- DifOng tai dong se cat true hoanh d tri so V C e = 2V cr va c3t 
true tung d trj so lmw* = 2V<x7 Rl (hinh 4.5). 

Qua dac tuyen ngd ra vdi difdng tai dong, khoang then thien 
dien ap ra AVcf. hay gid la tif OV den 2Vcc nghla la tang gap hai 
lan so vdi iriach cd ban khdng cd bien ap ra. 


Taco: AV CE = 2V rc 


=> v tema , = Vcc 


AI C 


2Vcc 

Rl 


III< IX 



Cong suat ra tren tai: (xet d so cap) 



Chiftfn^ 4 


Mach khuech dai cong suat 


/ v V : 

jy _ < nm rvma\ _ ( ( 

° . " V2 ' 4l ~ 2 R, 

Qua bien ap ly tu’cing co ti le cong suat Pj/ P 2 = 1 thi cong 
suat nay cung chinh la cong suat ra tren lai d thtf cap. 

Cong SrUat lieu tan nhiet trung binh tren transistor: 


p = V I , = V 


Ik 




Trong mach, cupn sd cap co dien trtiF mot chieu nho khdng 
dang ke nen cong suat tieu hao tren dien trot cua cuon day P R xem 
nhu b'ang khong. 

Cong suat dien dupe cung cap bPi nguon Vcc- 



Hieu suat cua mach: 


>1 — 


O TiU\ 



V 2 

rr 

Mi 

j/- 
r cc 

K 


100% = 50% 


Nhu" vay, khi co bien ap P ngo ra hieu suat cua mach da 
dupe tang len tif 25% thanh 50%. 

Trong thUc te’ van co cong suat tieu hao tren dien trP mot 
chi4u cua cupn sd cap nen van co la Pr va cac bien ap co hieu suat 
toi da khoang 80% den 90% (do co ton hao trong mach tU) nen hieu 
suat cua mach khuech dai cong suat co bien ap ra cung chi dat den 
khoang 35%. 

3. Bai toan phan tfch mach 

VPi mot mach khuech dai cong suat cu the ta co the tinh cac 
thong so ky thuat cua mach nhu sau: 

Tinh dien ap phan cUc VV 
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Mach dien tuT - Tap I 


Nguyen Tan Phufdc 


V ^ V 

Y u y u 


R * 3 




12——— = 3,25K 


2,2 + 0,82 

Tinh dong dien tinh Ic: 


V -V 3 25- 07 

J ~ f — _J1 _ HI! — _ 


( — F- 


54 mA 


R, 


47 


Cong suat ra tren tai 3 sd cap: 

Pom = \ Kc I c = \ 12 x 54x 10 - 0,3241T 

Cong suat dien cung cap cho mach b3i nguon Vqc'- 
P D = P C( = I C V CC = 54.10' 3 12 = 0,648iT 

Tong tr3 tai quy ve sd cap: 


V, 


r'l=-f= 


12 


* 220Q 


r c 54.10 3 

Vdi tong trcf tai la loa co Rl = 4f2, cd the tinh ti le ctia bien 
ap ra loa la: 

f N, V 220 


z 3 ~ r l ~ 

N 

Suy ra: —- - 7,5 

N, 




- 55 
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Chif(fnE 4 


Mach khucch dai cone suat 


+V fv ,= 12V 



4. Hai toan tfi’ng hq'p mach 

Tinh chon linh kien cho much khucch dai cong suat co cong 
suat ra la 5W, tong tret loa la 4Q, nguon Vcc = 12V. 

Chon sd do nhif hinh 4.6 nhUng phai tinh lai tri so" linh kien. 

Gia thiet co bien ap ly ttfclng va ton hao cong suat tren cuon 
sO cap khdng dang kc nen mach co hieu suat: 

n = 50% 

Cong suat dien cung cap cho mach bcM nguon Vcc: 

p 5 

P n =^>- = — = \0W 

n 0,5 


Tinh dong dien tTnh Ic: 

I c =-^L = — *830m/f 
Vcc 12 

Dien trd tai quy ve sO cap: 

V 12 

R , = -^ = ^-*15 Ci 

L I c 0,83 


T 1 | A ^ / 

i le cua bien ap: 
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Mach dicn tiif- Tap I 


Nguyen Tan Phu'Oc 


N, 


r: 


An \ r l v 

Ta chon dien ap V E = IV thi: 


15 

4 


2 lan 


R, s = — = 1,20 


/. 


0,82 


Chon transistor khuech dai c6 (3 = 80: 

/. = — = 10,3 

* P 

Be math dtfdc phan cuTc on dinh, chon dong dien qua cau 
phan ap Rm va Rb: la Irb = 1 01b- 

Nhif vuy: 1 RH = 101 H = 10 x 10,3 = 103mA. 

Tlnh dien trot Rb;>: 

/„ 0,103 

Ti'nh dien trot Rbi: 


V -V 12-17 
R m - tL — _z —— — !OQO 


Rfi 


0,103 


Tu dien lien lac thiictng chon C = 5pF -f 10pF 

Tu dien phan dong C F thuftng chon Ce = 47pF h- lOOpF. 

5. Nhan xet 

Qua cac mach phan llch tren cho thay d moi thcli diem, 
mach khuech dai lien tuc nhan cong suat dien t£f nguon Vcc- Khi 
mach ct trang thai tinh thi loan bo cong suat Pd = IcV C c eh! la cong 
suat tieu tan de dot nong transistor mot each vo Ich. Mach chi co 
hieu suat cao khi tin hieu vao co bien do ldn, luc do cong suat cua 
nguon V cc dude cung cap ra tren tai. Hieu suat toi da cua mach nay 
chi dat den mute 50%. 
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ChiMn^ 4 


Mach khuech dai cong suat 


Be la ng hieu suat len cao hctn ngufti la giam dong llnh I c 
bdng each dat diem lam vice gan ve intfc ngifng dan theo kieu 
khuech dai hang B hay AB. 


§4.3- MACH KHUECH DAI CONG SUAT HANG B 

Nhir da phan tich trong phan cue hang khuech dai (chuVfng 
1), much khuech dai hang B co mtfe phan ci/c V Br . = OV nen trong 
much dien hinh 4.7, hai transistor Tj va T 2 khong difc.Ic phan cifc. 



* 

i 

Hinh 4.7: Khuech dai cong mat hang B 


Mach khuech dai hang B chi khuech dai difttc mol ban ky 
nen tang cong suat hang B phai dung hai transistor Ti va To de luan 
phien khuech dai se tao lai du hai ban ky tren tai. Be thife hien 
di4u nay c5n dung hai hien ap gdm TR| la hien ap dao pha (con goi 
la hien ap thuc hay la i do chuf Driver), TR 2 la bien ap ngo ra. 


Bien ap TR] cd cuon thuf cap ba dau ra vdi dau giufa noi 
mass nen tin hieu xoay chieu tren hai dau ra la hai tin hieu dao pha 
nhau (hinh 4.7). 


Khi Ti nhan dude ban ky dtldng lam transistor dude phan circ 
nen T| dan dien va cd dong Ici (dudng lien net) qua nufa cuon tren 
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Mach ilion hir - Ta 


Nguyen Tan Phifdc 


cua cuon sd cap hien ap TR 2 . Luc do, T 2 nhan difdc ban ky am nen 
T 2 khdng difdc phan cifc se ngrfng dan. 

Khi T| nhan difdc ban ky am lam T| khong difdc phan cifc, T| 
ngifng dan. Li'ic do, T| nhan dude ban ky diking lam transistor dude 
phan cue, T 2 dan dien va cd dong lea (difdng rdi net) qua niVa cuon 
dufdi cua cuon sd cap hien ap TR 2 . 

Nhif vay, hai transistor T| va T 2 se luan phicn dan dien de 
tao hai dong dien lei va 1^2 chay luan phien ngude chieu nhau trong 
cuon sd cap. Khi hai dong dien nay cam tfng sang thtf cap se cho dii 
hai ban ky vao tai. 

Hinh 4.8 la dac tuyen ngo ra cua mach edng suat hang B. 
diem lam vice tTnh Q la diem cal true hoanh d diem V<- r , diking tai 
tTnh gan nhif thing dufng lif diem Q song song vdi true tung vl dien 
tret cuon sd cap nhd. 

De cd edng suit ra Idn nhat thi ditdng tai dong la dticing 
thang tit Q ve tiep xue vdi difdng cong suat tieu tan cifc dai P DlIliIX 
tai diem Q vdi toa do: 
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Chiftfng 4 


Mach khuceh dai cong suat 


Ditffng tai dong cat true tung tai diem Icmax = 


R, 


Tai Rl la tai R L dddc quy vc sd cap nhirng chi xet nu’a cuon 
tren hoac dift'fi. Neu goi so vong day ciia m’fa cuon sd cap la N| va so 
vong day thi? cap la N? thl: 




R, = R 


'*, v 


Diem Q tiep xuc vdi difdng cong suat cifc dai Ponuv nen d 
diem nay cong suat tieu tan cung chinh la Po mdV Ta co; 

V .. V. V 1 

p = 1 v - _ JJ_ . << = —LL. 

/>1,m ' ' <7 2 R\ 2 AR l 

Nhifvay, neu co mot transistor vdi P|_> ma \ the thi khi chon nguon 

Vcc ta se linh <Mlc tai Ri de chon tiep bien ap va tai R L cf thi? cap. 

Theo dac tuyen ra hinh 4.8 ta co: 

V, 


A/ f - = = 


/? 


(vi chi co mot ban ky) 


AK (> - v, , nm = F rr (vi chi co mot ban ky) 


Nht? vay, cong suat ra cut dai do hai transistor cung cap: 

/ v 

n t Tmv rc m;>\ 

01 V2 V2 

^ V<\ 

s[2R) sfl 2 R, 

O trang thai tmh, hai transistor khong tieu hao dieti. Khi 
khuech dai thi dong dien dot ndng transistor chinh la dong dicn If d 
trj so trung binh: 

/ V 

J r — _t mux _ r ( ( 

7T 71 Rj 


93 



Mach dien in' - Tap 1 


Nizuycn Tan Phudc 


Cong suat dicn cung cap cho much bdi nguon Vcc 1'a: 


P =2 V Jr =2 V 

1 c c v (( 1 ( ^ y < ( 


(( 


n R L 


i v- 

p = SL 

(( n 

n R , 


Suy ra hieu suat cu’c dai cua much: 

V 2 

r c ( 

n = P ° 100 % = 2R \ 100 % - -- 100 % 

P<c 2 V u 4 

it K, 


n = 78,5% 


Nhif vay, much khuech dai hang B ed hieu suat eao hOn (r[ = 
78,5%) so vdi mach khuech dai hang A (rj = 50%). Tuy nhien, 0 
hang B co nhu’dc diem rat Idn la tin hieu ra hi hien dang xuyen true 
vi khi phan etfc = 0V Ihl tin hieu trong khoang dicn tip tif 0V 
den V v , hai transistor chifa dan dien. Khi dicn tip qua trj so" V y hai 
transistor mdi dan dien va khuech dai. Hinh 4.9 cho thay dang tin 
hieu ra hi hien dang xuyen true (Crossover - Distortion). 

Dang dong dien - I^i cung chinh la dang dong dien In - 
In va la dang tin hieu ra hi hien dang xuyen true. Day chinh la ly 
do ma mach cong suat hang B khong diftfc si’f dung. 



limit -i f) 
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Chifdng 4 


Mach khuech dai cone suiii 


§4.4- MACH KHUECH DAI CONG SUAT HANG AB 

Be tranh nhifitc diem gay ra bien dang xuyen true if tin hieu 
ra trong much khuech dai hang B, ngififi sif dung mach khucch dai 
hang AB nhif sit do hinh 4.10. 

Trong mach dien hinh 4.10 hai transistor cong suat T| - T 2 
d if etc phan ctfc bfing cau phan ap Rm - Rh ' de co dien ap phan cifc 
cho hai cifc B vdi mu'c Vm = Vd 2 = V v (0,6 V cho chat Si va 0,2V cho 
chat Go). 

0 trang thai tinh hai transistor difcfc phan cifc vifa dan dien 
nen cac dong dien Iy, Ic coi nhif bdng khong. Khi vifa co tin hieu thi 
hai transistor se luan phien dan dien va cung cho ra dii hai ban ky 
tren tai. Vdi each phan cifc nay se tranh difilc hien tifdng bien dang 
xuyen true. Cac thong so ky thuat cua mach nhif P () , Pec. 1 van co 
each tinh giong nhif much cong suat hang B. 



Hinh 4.10: Khuech dai..c6ng suat hang AB 
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Mach Jicn luf - Tap 1 


Nguyen Tan Phtfcfc 


§4.5- MACH KHUECH DAI CONG SUAT KIEU OTL 

Hien nay ede much khuech dai tong su^l hang AB dung hai 
bo bien ap dao pha va bien ap ra khdng dude thong dung vi hai 
bien ap nay c6 ki'ch thtfdc ldn, nang ne, dat lien, hieu suat thap va 
dai tan so lam vice khdng rong. Ngtfdi ta dung nhieu each de lan 
lufcJt bo eac bien ap nay va mach edng suat bay gift goi la mach 
OTL (do vict tat eua Output TransformerLess: khdng co bien ap 
ngo ra). 

1. Mach OTL co bien ap dao pha 

Sd do mach dien hinh 4.11 la mach edng suat chi con dung 
bien ap dao pha. Bay gift cuon thtf cap chia ra hai phan doc lap 
nhau nen con difric goi la bien ap co sau day ra. 


+30V 


+ 12V 

t 

i 


At ,-J 7 




/ fin h 4.11: Mach OTL co bi&n dp dao pha 6 day ra 
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ChUOng 4 


Mach khu§'ch dai cong suat 


Hai cuon thuf cap cua bien ap dao pha dtfdc quan cung so’ 
vong nhuhg cuon tren dtfiic lay diem dau noi vao clTc B|, cuon di/di 
duttc lay diem cuo’i noi vao cifc B;. Nhti vay, tin hieu diTa vao hai 
ctfc B| va B 2 cung la hai tin hieu dao pha nhau. 

Bon dien trcf trong mach tao thanh cau phan ap cho ra dien 
ap diem gitfa la V M = Vi\ cc- Moi cau phan ap dung de phan ct/c 
cho hai cifc B| va B 2 de hai transistor co Vre = V Y = 0,6V. 

Do hai transistor chi dufdc phan cut d mtfc vita dan dien nen 
mach van co cac dong dien Ibi, 1u>, Ici, Ic 2 bang 0. Dien ap tren cac 
cifc co tri so nhif tren sd do. 


Khi ctfc B| nhan dude ban ky dtfUng la T| dlfdc phan cbc se 
d5n dien, luc do cdc B 2 nhan dufdc ban ky am lam T 2 khong dutfc 
phan ctfc nen ngifng dan. Dong dien Ic 1 se di ter nguon qua Tj nap 
vao tu 470(.tF va di ngang tai theo chieu tif tren xuong cho ra ban 
ky difOng (dong dien co duftng lien net). 

NhU vay, tren tai van nhan du ca hai ban ky. 

Trong mach nay moi transistor cong suat chi nhan Vi nguon 
V C c nen co cac thong so’ cua tin hieu ra: 


A ^ce - V cc - v ceraax 


2 R, 


(Re«Rl nen bo qua Re) 


Cong suat ra tren tai do hai transistor cap: 

/ v 

P — (v Q'lttov 

0 41 

V V V 2 

p _ r _cr_ 1 C£ _ 1 cc 

° ~ 2 42 R, 2 V 2 _ 8 R, 

T, _ 

O trang thai tmh hai transistor khong dan nen khong tieu 
hao cong suat dien. Khi khuech dai, dong dien dot nong hai 
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Mach dicn id- Tap 1 


Nguyen Tan Phudc 


transistor chinh la dong dien trung binh Ic dtfdc tfnh then cong 
thud: 


I r — ~ 


K-c 


n 2 ttR, 

Cong suat dicn cung cap cho mach bdi nguon Vco 


Per = Kr fc = Kr 


Kr 


(C 


2 nR L 2 xR i 


Hieu suat cua mach: 

V 2 

v cc 

n = — x100% = 8 ^ L - = - x 100% = 78,5% 

P V 2 4 

r cc v cc ^ 

2 R l 

Ta v5n co hieu suat la r| = 78,5% va day la hieu suat thife 
chi? khong bi giam nhd do ton hao tren bien ap ra nhir cac mach 
trifdc. 

2. Mach cong suat OTL rap bo phu 

Neu bd bien ap dao pha thi mach se co hieu suat cao hdn, 
giam gia thanh, gon nhe va dai tan so lam viec rong hdn vi tranh 
cac nhude diem cua bien ap dao pha. Vi the ngtrdi ta dung mach 
OTL bd phu vdi hai transistor cong suat khac loai, T| la transistor 
NPN, T 2 la transistor PNP va la transistor thuc thay cho bien ap 
dao pha (vi mach bay gift khong can dao pha nuTa). 

a) Bieu kien cua mach bd phu: 

- T| va T 2 la hai transistor co cung cong suat Pomax- 

- T| va T 2 la hai transistor co cung do khuech dai p. 

- T| va T 2 la hai transistor dtfdc che tao cung chat Si hay Ge 
(thurdng la Si). 

- T, la loai NPN va T 2 la loai PNP. 
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Chddng 4 


Mach khue'ch dai cong sual 


Do T| va T> co cung cac thong so" ky thuat nen trong mach 
dien phai cd cung dieu kien lam viec, moi transistor phai chiu 
ViVcc- Nhd vay dicn ap diem giuTa: 


Vm = '/Wee = 15V 


Hai transistor dddc phan cu'c hang AB d mdc vda dan dien 
nen cd dong dicn tTnh rat nhd di qua Ti, T> . 

Dicn ap tren cac cite ctia Ti, T 2 : 

V C i = V cc = 30 V V C2 = 0 V 


V E i = V M =15V 
Vm = Vri + Vue 

= 15V + 0,6V = 15,6V 


V E2 = Vm = 15V 
VB2 = V M - V BE 
= 15V-0,6V = 14.4V 


(T| loai NPN phan ede ddclng) (T 2 loai PNP phan cite am) 

b) Xet transistor thuc T 2 : 

Trong mach nay T 2 la transistor tao phan ede cho Ti - T 2 
Taco: V B2 = V n = 14,4V 


V B |= V B2 + 2V U - 14,4V + (2. 0,6V) = 15,6V 

Hai diod D| - D 2 dung de tao mdc chenh lenh dicn dp 2V D = 
1,2V de phan ede chenh lech cho ede B| va B 2 . 

Dong thdi: V B | = Vcc - Ic.rRc? = 15,6V 

Nhd vay, de cd dien ap phan cure dung cho ede Bi - B 2 va 
cho ra dien ap diem giffa Vm = Vi Vcc thl phai co dong dien lea 
dung! Theo set do ta cd: 


Vbi = Vcc- IoRcr = 15,6V 
! _ Vcc-^. _ 30P-15,6F 

° R C) 1,5 kQ 


-10 mA 
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Mach dien tuT - Tap 1 


Nguyen Tan Phifdc 


+V CC = 30 V 



Hinh 4.12: Mach cang. suat QTL bo phu 


Tit do suy ra: 

• V E3 = IoRei = 10mA x 1 0OC1 = 1V 
V B j = V E3 +Vbe= 1V + 0.7V= 1,7V 

T 3 la transistor phan cite hang A nen co V^ = 0.7V 

Be co Fo - 10mA thi dien ap V B3 phai bang 1,7V. Cac tri so 
nay phai that chinh xac. De co duVfc dien ap phan ctfc chi'nh xac 
ngutti ta phai dung bien tret VR dieu chinh phan cite cho cite B 3 . 

Tom lai: Neu V B3 dung thi T| - T 3 cung ditctc phan cite dung 
hang AB va cho dien ap diem giiJa Vvi = l A Vcc- Bien trrf VR con 
difdc goi la bien tr<’t chinh diem giufa Vm- 

c) Xet trang thai xoay chieu: 
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Chtfdnc 4 


Mach khuech dai cone suai 


T* la mach khuech dai hang A rap kieu E chung nen la 
much khuech dai dao pha. Tin hieu xoay chieu cua nguon \\ duTOc 
dtfa vao cut Be va khuech dai ra & cut Cj la hai tin hieu dao pha du 
ca hai ban ky (hinh 4.12). Tin hieu nay dong thcfi dufWc difa vao cut 
B| va B> cua tang cong suat OTL bo phu. 

Hai diod D| - D? dung de tan dien ap 2V|> phan cifc chenh 
lech mot chieu cho cut B| B> nhuiig do diod cb tilth ghim ap nen 
doi vdi tin hieu xoay chieu thi AVu - OV, mufc dien ap ciia tin hieu 
xoay chieu dita vao cut B] va B: gan nhtf bang nhau. 

- Khi T.i cho ra ban ky diftfng thi dien ap Vm tang nen Tj 
difdc phan cifc va T| dan dien. Luc do, dien ap Vh: cung tang nen 
T 2 khdng duV.tc phan cut va T 2 ngtfng dan (vi T 2 la transistor loai 
PNP). Dong dien In se di tif nguon +V<-c qua T| nap qua tu 100()|.iP 
va di qua tai theo chieu t£f tren xuong mass cho ra ban ky difdng 
tren tai (dong dien cb difdng lien net). 

- Khi Tj cho ra ban ky am thi dien ap Vbi giam nen T| khbng 
difdc phan cifc va T| ngifng d3n. Luc do, dien ap V U 2 cung giam nen 
T 2 difdc phan ctfc va T 2 dan dien (vi T: la transistor loai PNP). Dong 
dien Ic 2 sc do tu lOOOpF xa dien qua T 2 xuong mass va di qua tai 
theo chieu tif mass len cho ra ban ky am tren tai (dong dien cb difclng 
rdi net). 

Nhuf vay, hai transistor T| va T 2 cung luan phien dan dien va 
cho ra tai du ca hai ban ky. 

Khi do hoat dong mbi transistor chi’ chiu V 2 nguon Vcc. tu cb: 

i„„ s jf- (*, « x ,) 

Cong suat ra cue dai tren tai: 
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Mach dicn tu' - Tap [ 


Nguyen Tan Phude 


p = R 

1 a rUd\ Jx f. 


f V X 

Y cc 


v- 

v a 

8 Rj 


Cong suat dien cung cap cho much bofi nguon V C c : 

i V 

p _ 7/ 1 - V - [/ < ( 

I C( , — V ( . ( I — ¥ ( . c — > r( 


7T 


2 n Rj 


V 2 

P f ..= 11 


(i 


2k R 


Hieu suat cua mach : 


n - l oo% - S R ' i oo n / 
p v - 

*(C v a 


v 1 . 
r (( 

> . 

V 


In R 


=> 17 = -100% = 78,5 % 

4 

T, . . - 4 „ > 

O trang thai llnh hai transistor T| va T? dan dicn rat you non 
du’Oc xem nhif khong ticu hao cong suat. Khi khuech dai tin hieu thi 
hai transistor hi dot nong vdi cong suat tieu tan: 


Pi = Per 


- P 


Oinax 


v 2 v : 

W _ _ 

2kR~ 8 R, 


Thifc ra cong thde tren chi dung vdi trufdng hop ngd ra cd 
Pomiix- Trj so Py co thay doi theo Po> de xac dinh tri so P Vnus ngifOi 
ta phai tim diem cifc dai cua cong thde tren bang each lay dao ham 
va cho dao ham bang 0 de tim gia trj cijfc dai. 

Ta se co: 

V: 

= 0.05 —— (clwng cho hai tremsitor) 

R i. 

Lap ti so vdi Po inax ta co: 


102 



Chu’dng 4 


Mach khuech dai cong suat 



§4.6- MACH KHUECH HAI CONG SUAT KIEU OCL 

Trong much OTL, dien ap diem giffa V M = VWcc va <’( (rang 
thai tinh tu ngd ra phai chiu dien ap nay. Khi khuech dai tu ngd ra 
sc nap dien lam dien ap tren tu tang len khi T] dan va xa dicn lam 
dien ap giam xuong khi T 2 dan. 

Tu C cd dung khang X ( . =—^— ti le nghich vdi f ncn khi 
“ ' 2 7i j'C 

tin hieu cd tan so f kha thap thi Xc dii ldn va bien dp tin hieu ra tai 
hj giam nhb. Bieu nay lam cho dap tuyen tan so d ngd ra bi giam 
trong khoang tan so thap va that thap. 

Ngtfdi ta cd the bd tu dien ngd ra va goi la mach khuech dai 
cong suat OCL (do viet tat cua Output Capacitor Less: khdng cd tu 
dien ngd ra). 

Hlnh 4.13, mach cong suat OCL vdi hai ngudn doi xtfng ± Vcc- 

Trong mach T| va T 2 van la hai transistor khac loai rap kicu 
bo phu, Tx la transistor thuc. Cac linh kien khac van cd trj so gidng 
mach dien hinh 4.12 nhifng dung vdi hai ngudn doi xtfng ± Vcc = ± 
15V nen dien ap cac ctfc bay gid cd tri so’ vdi mass: 

T| loai NPN dung ngudn +Vcc. T 2 loai PNP dung ngudn - Vcc 

Vci = +V C c = +15V V C2 = - V cc =-15V 

V E , = 0V V t2 = 0V 

V B | = +0,6V (hang AB) V B2 = - 0,6V (hang AB) 
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Mach dien tur - Tap 1 


Nguyen Tan Phitete 



Hai diod Di - D 2 cung dung de tad chenh lech dien ap phan 
ctfc cho cut B| va B 2 . Dong di£n To phai co tri so dung khoang 
10mA de giam ap qua Ro cho ra dien ap dung phan ctfc B|, B 2 va 
cho ra dien ap diem gitfa Vm = 0V. 

Diem giCfa co dien ap Vm = 0V nhtfng khong phai mass, do do 
phai dtfdc phan ctfc dung bang bien trd VR (Rbi) va trong mach 
nay T-* co dien ap cac ctfc nhtf sau: 

V C3 = V B2 = - 0.6V 

V E , = lo . R t ? + (- V cc ) = 10mA x 100Q - 15V = - 14V 

V B J = V B + Vbf. = -14V + 0,7V = -13,3V (hang A) 

Neu bien trd VR bi dieu chinh sai se lam Tj bi sai phan ctfc 
d5n tdi Ic * 10mA. Dieu nay dan den V B i va V B 2 sai lam cho dien 
ap diem giffa V^ * 0V (co the am hoac dtfdng). Luc do, cd dong 
dien mot chieu qua tai (cd the la loa) se lam hit tiii. Trong thtfc te 
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Chufclng 4 


Mach khuech dai corn; suat 


ngifdi la co nhieu each bao ve cho mach khi dien ap diem giffa Vm 
*0V. 

Do dung nguon do'i xting nen T| dung nguon dirdng +V CC va 
T 2 dung nguon am -V c c. Dong dien iema* hay gid: 

V 


(Y 


*L 


Cong suat ra cite dai tren tax: 


^ L K ~ ^1. 


V,. 


< r 


J2R L 


v 2 

y cc 

2 R, 


Cong suat dien cung cap cho mach bofi nguon ± V C c* 

1 v 

p -91/ 7 - 91 / -91/ (( 

r CC “ Z V (C 1 - LV a - AV CC n 

n 7i R, 


V~ 

=> P„ = 2 rc 


cc 


71R 


(Vcc chi la dien ap cua mol nguon) 


Hieu suat cua mach : 


n = 


100 % = 


cc 


V 

v cc 

2R l 

2V CC : 

rtR L 


100% - 78,5% 
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Chirtfng 5 


MACH KHUECH DAI DC 


§5.1- DAI ClfCfNC. 

Mach khuech dai DC con dude goi la mach khuech dai ghep 
trifc tiep. Thong t hiking cac mach khuech dai tin hieu AC dikic 
ghep lien lac bdng tu dien, khi do tu dien lien lac se co dung khang 
thay dtii then tan so cua tin hieu. Neu tin hieu co tan so cao thi 
dung khang nhb co the xem nhiT khong dang ke. Neu tin hieu co 
tan so thap hay cac tin hieu co mite bien doi chant thi dung khang 
cua tu sc rat Kin, tit do lam ton hao dien ap tren tu ldn. 

Mach khuech dai DC difdc dung de tranh anh hiking cua tu 
lien lac trong cac taking hdp khuech dai cac tin hieu bien doi chant 
hay cac tin hieu khong co tinh chu ky. 


§5.2- CAC KIEL! KHUECH DAI DC 

1) Mach cd ban 

Trong mach khuech dai AC dung tu dien lien lac, mdi 
transistor difdc thiet kc phan cifc mol chieu doc lap. Trong mach 
khuech dai DC ed ban (hinh 5.1), nttfc dien ap mot chieu tren Ti chinh 
la dien ap phan eifc cho T 2 . 

Taco: V c , =V B2 = 0,7V, V B1 = 0,7V, va I R ri = Ic i + Im 

Gia si'r cau phan ap R| - R 2 hi thay doi tlieo hiking lam V ut 
tang se lain Im, In tang. Luc do In giam lant Vu 2 giant va T 2 chay 
you hay ngifng dan. Nglide lai, neu V B2 tang se lam cho T 2 chay 
niatth hay hao hda. 

Nhir vay, trong mach khuech dai DC vi$c tinh toan hang 
thai tilth rat quan trong vi dien ap mol chieu cua transistor se anh 
hurting lan nhau rat kin. 
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Chudne 5 


Mach Whilech dai DC 


+ V cc 



Mach cd ban hinh 5.1 co nhifdc diem la Vcfj co mure (.lien ap 
thapdoV B i=0,7V. 

Do nang can mtfc V c >:i ngtfcli ta thdong dung them Rf 2 - 

2) Mach khuech dai DC co Ru 


+ V cc 



Hmh 5.2a : Hai transistor cung loai 


Mach dien - Tap 1 


Nguyen Tan PhdOc 


+ V cc 



Trong mach dien hinh 5.2a ngddi ta dung them Rei de ed 
V ^2 cao va Vr> = V C | cung dddc nang cao vi: 

Vr: = Vci = Ve2 + Vre 

Nhd do vice tinh chon diem lam viec tinh cua T| dddc de 
dang him. Tuy nhien, khi co R Ei thl do khuech dai dien dp cua tang 
hui hi giam do tac dung hoi tiep am dong dien cua R E n. 

Mach dien hinh 5.2b la trifling hop dung hai transistor khac 
loai nhdng ca hai transistor trong hai much deu dddc rap kieu E 
chung, dien ap tin hieu vao v, va tin hieu ra v u la hai tin hieu dong 
pha cho ca hai mach. 

Hmh 5.2a civ. Irci = Ici"P 1r2 

Hinh 5.2.b cd: Irc 2 = Ic 2 + Ib 2 

Khi co sd thay doi dien ap phan ede d ngo vao thi tac dung 
phan ede len T 2 ca hai mach co sd khac nhau nhdsau: 

- Hmh 5.2a: khi Vri tang lam Ici tang nen V C s giam se lam 
Vb 2 giam va T 2 chay yeu. 
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Chitting 5 


Mach khuech dai DC 


- Hinh 5.2b: khi Vhi tang lam Ici tang nen V Ci giam se lam 
Vbj giam va T 2 chay manh vi la loai PNP. 

3) Mach khuech dai DC ghim ap d ctfc E 2 

Khi tiling dien trd R E 2 de nang dien ap V E 2 . V U 2 va Vn thi 
Rej sc lam giam dp khuech dai dien ap ciia T 2 nhit trong hinh 5.2a 
va 5.2b. 

Muon tranh tac dung hoi ticp am do Re 2 tao ra nguVti ta cd 
the thay mach phan cite on ap cho cite E 2 bang cau phan ap Rz va 
Zener. Luc do Zenrer ditdc chon co dien ap thich help de tao phan 
cure cho cite C| va B 2 . 

+Vcc 



§5.3- MACH KHUECH DAI DC THONG DIJNG 

Mach dien hinh 5.4 la mach khuech dai DC thong dung nhat 
co the dung khuech dai AC de loai bo tac dung hoi tiep am tren Re 2 va 
lam tang do khuech dai di£n ap ciia mach. 

Do hai transistor ghep trite tiep tren dien ap mot chieu cua 
hai transitor se la dien ap phan cite lan nhau vi: 

Vc2 = Vn2 Vm = V E2 —IbiRi 
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Mach dien trt - Tap 1 


Nguyen Tag Phude 


Dien trcl Rj lay dien ap giam ap de hoi tiep phan cu'c 
cho cu'c B|. Dien Ird R| la much hoi tiep am dong de on djnh nhict 
cho ca hai transistor. 

Nguyen ly much hoi tiep am de on dinh nhiel di/Oc giai 
thich nhu* sau: 

* Gia thiel T t hi nong do nhiel dp cua moi trtfrtng lam Ici 
tang, Vci giam lam V B2 giam. Luc do T 2 chay yeu nen I E2 giam, 
V E2 giam, qua R f se lam V Bt giam nen lci giam trd lai. 

* Gia thiet Ti bi nong lam Ic 2 tang, 1^2 tang va V t2 tang. Luc 
do V R1 cung tang nen T| chay manh lam Ici tang va Vci giam lam 
VR 2 giam \ C 2 giam trd lai. 


+ Vcc 



Hinh 5.4 : Mach khuech dai DC co hoi tiep am dong dien 


Neu khong co tu C Et dien trd R ( con cd tac dung hoi tiep am 
ddi vdi tin hieu xoay chieu de cai thien cac thong so ky thuat ciia 
mach. 

Do khuech dai dien ap ddcic dnh theo cong thtfc: 

• T, CO Ay, - -pi 

^•1 +Px R ,a 
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ChiWng 5 


Mach khuech dai DC 


• T 2 CO A C2 = -p2 R( '- - R ‘ 

r iHl 

• Do khuech dai chung cua T] - T> la: 

R, i // r M R Ci IIR, 


(tu Ce noi tat Re:) 


Ay — Avi Ay: = P\Pi 


1 !>Cl + P\R)i 1 r be 2 

Mach thifc to thudng ed difbc dieu kicn: 

Rc i » i'b c2 nen R C i // r bL > - r bL .> 
r b ci « piRi-.i non r hc i + PiRei * PiRt:i 
Nhir vay la cd: 

Av = p,.p 2 R(1 ’ IRl => A, = /?, R( "-" R ' 


P\ R H I r bcl 


R n 


§5.4- HIEN TL/0NG “TROI DIEN AP MLfC KHONG” 

Doi vdi cac mach khuech dai DC (ghep trife tiep) dien ap 
mot chieu giura cac transistor anh hudng nhau rat ldn. Thi nghiem 
cho thay khi khdng cho tin hieu vao mach bang each noi tat cute B] 
xuong mass qua mot dien trd, do dien ap ra d cUc C 2 ta thay dicn ap 
ra bi thay doi khdng cd tinh chu ky, luc cao liic thap, luc nhanh liic 
chain. Hicn tifbng nay dtfdc goi la hicn tifdng trdi dien ap mtfc 
khdng. Mtfc trdi dien ap d ngd ra cang ldn neu mach cd do khuech 
dai dien ap cang ldn. 

Dien ap mtfc d ngd ra bj trdi do cac nguyen nhan chinh nhtf 

sau: 

1) Anh htfofng nhiet do len cac thong so cua transistor 

Nhtf ta da hiei (trong giao trinh "Linh kien dien td”) cac 
thong so ky thuat cua transistor deu hi thay doi theo nhiet dd doi 
vdi ca hai loai transistor S, va G c , trong do ba thong so" chiu anh 
htfdng ldn nhat la dien ap phan ctfc Vbe, do khuech dai p va dong 
dien n Iobo 

a) Dien dp Vm; thay doi theo nhiet do 
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Mach dien lur - Tap 1 


Nguyen Tan Phude 


Theo thtfc nghiem va ly thuyet ban dan, khi nhiet do tang 
1°C thi dien ap phan ctfc V H h giam 2mV. He so nhiet ctia dien ap 
V be la: 

dVnb i- 

-ppr = -2tnV/ C 

b) Do khuech dai [3 thay doi theo nhiet do 

Theo thtfc nghiem, khi nhiet dp tang 1°C thi dp khuech dai (3 
tang them khoang Y/e. He so nhiet cua (3 la: 

dft 

PlPL j oo% «i % / "c 
P 

c. Dong dien ri I cm theo nhiet do 

Trong transistor, noi CB dtfdc phan ctfc nglide nen dong dien 
qua CB chi la dong dien ri. Tuy nhien, dong dien ri Icbo tang cao 
khi nhiet do tang. Dong dien ri Icbo dtfdc tinh theo cong thtfc: 

leuo = Icbo <ri . e k (T° - 25") 

Trong do: Icboiri dong dien ri i'l nhiet do tieu chuan la 

25°C. 

T 11 : nhiet do moi trtfring dang thi nghiem. 

Icbo • dong dien ri of nhiet dp T* 1 

K : he so nhiet (k = 0,08/°C cho G c va 0,12/’c cho Si) 

Khi nhiet do tang se lam giam V BE , dieu nay cd nghTa la vrii 
mute dien ap phan ctfc dang co thi dong dien Ib se tang. Luc do, do 
khuech dai (3 cung t5ng se lam dong dien 1c tang manh ket hpp vrii 
dong dien ri Icbo t3ng cang lam Ic tang manh hefn, dan den dien ap 
Vc giam nhd lam “dien ap mtfc khong bj irrii". 

Be gidi han anh htfring cua nhiet dp linn “dien ap intfc 
khong bi trdi" ngtfrii ta thtfring phan ctfc cho transistor lam viec vrii 
dong dien Ib nhd, luc do transistor co Icbo ciing nhd cang tot. 



Chining 5 


Mach khuech dai DC 


2) Bii anh hifafng cua nhiet do 

De tranh hien lifting dicn ap mtfc khong hj troi ngift'li ta co 
the dung eac much bu anh hifting cua nhiet do len dien ap Vbh va 
dong dien ri Icbo nhif much dicn hinh 5.5a va 5.5.b. 

a) Bu mitt: thay doi dien tip V t u; 

Mach dien hinh 5.5a dung cau phan ap R va diod D co lac- 
dung ghim ap cho cite E. Do noi den nguon am -V(-<- nCot cite E co 
dien ap am la dien ap phan cifc cho diod D. 


+ V cc 



Hinh 5.5a : Ghim ap d cite E 


V B = -V D = -0,7V va V B = 0V 
* V he = V b - V e = V h + V d = Vu*0,7V 

Khi nhiet dp tang sc lam giam V B e nhiliig do diod D cung 
chju anh hifdng cua nhiet dp nen V D cung giam nhd hdn 0,7V. Do 
do, diod D cd tac dung bu cho mdc thay doi cua dien ap V BE khi 
nhiet do tang. 

b) Bu cho dong dien ri lean 

Khi nhiet dp tang dong dien ri I C bo cung tang va dong dicn ri 
nay lam dong I B tang dan tdi Ic tang va lam dien ap mdc khong hi 
troi. Trong sd do hinh 5.5b, diod D ghep song song nguile chieu vdi 
moi noi BE. Khi nhiet dp tang lam tang l( B o va diod D cung cd dien 
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Mach dien luT - Tap 1 


Nguyen Tan Phift'tc 


tr<1 ngtfctc giam nen dong dien ri Icbo cua transistor se qua diod D 
xuong mass chtf khong vao moi noi BE. Nhu 1 vay, dong I« khong tang 
va Ic khong tang nen khong lam thay doi mtfc dien ap ra. 

Ngoai ycu to nhiet dp lam thay doi cac thong so ky thuat 
cua transistor lam eho dien ap mdc khong bi troi con co yeu to khac 
la sit thay doi rntfc dien ap nguon V cc . Khi dien ap nguon thay doi 
trj so se lam thay doi dien ap Vb -Vc va dan den troi dien ap mtfc 
khong. Tuy nhien van de nay duvtc giai quyet mot each don gian la 
su" dung nguon on ap de cc> dien ap Vcc la hang so. 


+ Vcc Vcc 



Hinh 5.5b : Khong co diod va co diod D song song BE 


§5.5- CACH TINH HE SO ON DINH NHIET 


Qua cac phan phan tich va ly luan tren ta thay de tranh anh 
htfefng cua nhiet dp cac thong so cua transistor dan tdi sai diem lam 
vice tTnh, ngufri la dung nhieu each phan cifc cho transistor khac 
nhau, moi each phan cite co tac dung va hieu qua on dinh nhiet 
khac nhau. De dac trUng cho tac dung va hieu qua on dinh nhiet, 
ngiTcli ta dinh nghla he so on djnh nhiet la: 


S. A/| 


A/ 


CHO 


S: stability = do on dinh 
.S : phu djnh cua S 



Chudng 5 


Mach khuc’ch dai DC 


S con dude goi la "do bat on dinh nhiet”. Cach goi nay hop 
ly hdn vi ihco dinh nghla S cang nho thi mach cang on dinh ve 
nhiet do, nghTa la S cang nho th'i “do hat on dinh nhiet'’ cang thap. 

Cong thtfc tong quat de tlnh he so on dinh nhiet S la: 



q - a 


- q la he so tuy thude each phan cUc cho transistor 

- (x la he so khucch dai dong dicn rap kieu B chung. 


k 


“'It ~ P + I 


He so q da dude gidi thicu trong Chudng 1 bang thiol ke 
mau hinh 1.14. 



Chtfcfng 6 


MACH KHUECH DAI VI SAI 
DARLINGTON, CASCODE 

§6.1- MACH KHUECH DAI VI SAI 

De co the khuech dai cac tin hieu co tan so rat thap hay cue 
tin hicu hien thien chant va khdng co tinh chu ky, ngddi ta thifdng 
dung mach khuech dai DC then kieu lien lac trite tiep. Mach nay 
dap dug tan so thap rat tot nhifng la i cd hien lifdng dien ap ttdi. do 
do. de tranh hien tddng dien ap trdi va tang kha nang chong nhieu 
d cac tang khuech dai dau tien ngtftfi ta dung mach khuech vi sai 
(Differential Amplitier). 

1) Sd d6 mach cd ban 

Mach khuech dai vi sai cd ban cd sd do nhif hinh 6.1, trong 
do hai transistor T| - Ti la hai transistor cung ten, cac dien trd phan 
cite cd tri so giong nhau. 


+Vcc 



Hinh 6.1 : Mach vi sai cd ban 
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Chiftfnn 6 


Mach khucch dai vi sai, Darlington. Cascode 


Tin hieu vao diTpc difa vao hai ct/c B] - B 2 . trong do R ia 
(lien trd nhan tin hieu cua moi transistor. 

Khi (V ngo vao cd dien ap v„ do tinh phan ap cua hai dien trd 

R lien i-v, se tac dong vao moi transistor. Mach se cd hai truttng 

hdp: khi cuT B] nhan dien ap diking thi ctfc B 2 nhan dien ap am so 
vdi mass va nguVtc lai. 

Theo hinh ve 6.1, d ngo ra dien ap V C | giam va dien ap Vc 2 
tang. Dien ap ra lay gifTa hai cifc C la: 

AV n = AVci - AVc2 

Thong thirdng, transistor difpc phan cifc vdi dieu kien Rb 2 » 
The ncMi do loi dien ap ciia moi transistor: 

AK,, AF,, . Rc 
A v , = Ay = -.CL --LI - -R -- 

AK, AK, Rm +r bc 


Suy ra: AVn = Avi.AV m = 1/2 Avi.AVj 
AV C : = Av2.AV, 2 = -I/2Av2.AV, 
Do: AV (1 = AV U - AVn= A^.AVi 


Soy ra : 


Av=^ 


= -P' 


Rc 

R^i+fhc 


26mA 

Trong do: r hc = r b + (1+p). T 

J EI 


Cong thtfc tren cho thay mach khucch dai vi sai dung hai 
transistor nhdng do loi dien ap chi bing dp ldi cua tang khucch dai 
vdi nipt transistor. 

2) Dac diem ciia mach khuech dai vi sai 

Nhu* da phan tich tren, khi cd dien ap tin hieu d ngo vao thi 
do cau phan ap dung hai dien trd R lam cho cifc B| cd dien ap 
diking va arc B 2 cd dien ap am hay ngUdc lai. Luc do, Ti dan manh 
lam V n giam va T> dan you lam Vc> tang se cho tin hieu ngo ra 
AVc j va AVc 2 ngifpc daii. 
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Mach dien US' - Tap L 


Nguyen Tan PhtTdc 


Dien ap ra cua mach vi sai: 

AV„ = AV C i - AV C2 = 2AV n = 2AV C2 

Khi co tin hien nhieu pha rdi thi tin hieu nhieu se tac Jong 
dong thdi len ci/c B| va B 2 vdi dien ap dong pha (cung dudng hay 
cung am). Nhtf vay, d ngo ra AV C | va AVc 2 bien thien cung hi/dng 
se triet tieu nhau va AV (1 = 0. 

Nhii vay, mach khuech dai vi sai cd kha nang chong nhieu rat 
tot. Tin hieu nhieu of day cd the la tin hieu dien tif, nhiet dp mdi trifling 
hay sif bien thien dien ap cua ngudn. 

3) Ti so nen dong pha (CMRR: Common Model Rejection 

Ratio) 

Be danh gia kha nang chong nhieu cua mach khuech dai vi 
sai ngifcfi ta difa ra khai niem ti so nen dong pha CMRR. 

Trong sd do hinh 6.2, dien trd R t cd tac dung lam tang kha 
nang chong nhieu cua mach, bien trd VR cd tac dung tao si/ can 
bang dong dien Ici va lea- 


+ Vcc 



Hinh 6,2 : Mach vi sai cd Re 



Chifdng ft 


Mach khuech dai vi sai, Darlington. Cascode 


Trong cac mach khuech dai dung transistor, dien trd Re co 
tac dung on dinh nhiet va la mach hot tiep am dong dien. 

Trong mach khuech dai vi sai, dien trcf Re nhan ddng thdi 
hai dong dien Iei va Ie 2 . Tac dong on dinh nhiet Re trong trong 
mach khuech dai vi sai co nguyen ly sau: 

• Gia thiet nhiet do moi trifdng tang lam T| hi nong len => 
Ici tang => I E | tang qua R E => V E chung tang. Luc do 
Ibei giam nen Ti chay yeu trd lai => dong dien Ici giam 
-> Iei giam xuong mtfc do trung binh. 

• NgiftJc lai, gia thiet nhiet do moi trudng tang lam T 2 hi 
nong len => Ic 2 tang => I E2 tang qua R E => V E chung tang. 
Luc do Vbe 2 giam nen T 2 chay yeu trd lai => dong Ic 2 giam 
=> Ie 2 giam xuong mute trung binh. 

Nhif vay, neu chon tri so R E du Idn thi khi dong I E tang it 
cung lam V c tang cao du de tao hoi tiep on dinh nhiet, giam hien 
titling dien ap troi d ngo ra va chong cac tin hieu nhieu dong pha. 

Trifdng hdp d ngo vao nhan tin hieu vi sai se dieu khien hai 
transistor chay nglide ht/dng nhau (T| chay manh thi T 2 chay yeu va 
ngtfdc lai) nen khi Ici tang thi I C2 giam va do 21 r = Ici + Ic 2 nen 
dong dien qua R E la 2I E co tri so" gan nhif khong doi. 

Nhif vay, dien trd R E khong co tac dung hoi tiep am doi vdi 
tin hieu vi sai va nhif the" dp ldi cua mach khuech dai vi sai khong 
doi va van dtfdc tinh theo edng thufc: 



Khi phan tich, tinh toan cho mach khuech dai vi sai ngifdi ta 
xet rieng hai trifdng hdp: 

co tin hieu vi sai 

co tin hieu nhieu dong pha. 

Hinh 6.3 la mach tifdng du’Ong khi xet ngo vao la tin hieu vi 
sai, dien ap dat vao cifc B] va B 2 la hai tin hieu ngifdc pha nhau. 
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Mach dien (ft - Tap 1 


Nguyen Tan Phil’dc 


Luc do, dien trd khdng cd lac dung non el cub Ei va E? chi con Vi 
VR (bien tre'f dieu chi’nh tao sit can bang dong dien Io - Ic?). 


+ Vcc 



Tong trel ngo vao cua mach hinh 6.3: 

r, = 2(Rbi + The + Vi (iVR) 
va do: r he = r b + pr,. 

nen ta cd: r, = 2(R tj 1 + rb + Pr c + Vi pVR) 

Bat: Rh = Rm + 0 , va Rt = r c + V 2 VR 
Suy ra: r, = 2(R« + PRe) 

CJ ngd ra, de'ing tin hieu lay cl hai cub Ci, C 2 nen dong tin 
hieu di tit cub C 1 qua C 2 phai qua tong tni ngd ra la: r„a 2Rc 

Hinh 6.4 la mach tdelng doting khi xet tin hieu dong pha 
nhau. Luc do, dien trd Re cd tac dung on djnh nhiet va dong dien 
qua Rk la 2I t . nen khi ve trong mach tutlng dUOng, dien trel Rb cho 
mdi transistor la 2 R e de van cd dien ap Cl cub E la Vp. = 2 IeRe- 
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Chadne 6 


Mach khucch dai vi sai, Darlington. Cascodc 


+ V'CL' 



Hinh 6.4 : Mach tifdng dtfttng vdi tin hieu dong pha 


Vdi each phan tich lifting tip van cd the tinh dude tong trd d 
ngd vao va ngd ra cua mach hinh 6.4, nhuiig liru y la tin hieu vao v, 
dat vao cud B cua tirng transistor so vdi mass ehtf khdng dat vao giCta 
hai cite B nhii tin hieu vi sai. 

De danh gia chat lifting cua mach khucch dai vi sai ngudi ta 
thuTclng dung ti' so nen dong pha (CMRR) dude dinh nghTa theo he 
thtfc sau: 


CMRR = 


A v vi sai 


(Do Idi dien ap vi sai 


A v dong pha (Dp ldi dien ap dong pha 


Neu mach cd tinh doi xtfng mot each ly tirdng thi do ldi ap 
dong pha bang 0, nhit vay, ti so CMRR tien den vd ctfc, khii nang 
chong nhieu cua mach vd cung Idn. 


§6,2- MACH KHUECH DAI VI SAI CO NCUON ON DONG 
1) Mach on dong cd ban 

Mach on dong viet tat la VCCR (Voltage Controlled Current 
Source = ngudn dong dien dude kiem soat hang dien ap) con dude 
gpi la ngudn dong hang. 
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Mach dicn lu 1 - Tap 1 


Nguyen Tan PhUdc 


Mach on dong la much gift cho dong tai on dinh ma khdng phu 
thudc then dien ap nguon Vcr hay tri so cua dicn tret tai Rl trong mot 
gidi han cho phep. 

Sd do h'mh 6.5 la much on dong cd ban dung mot transistor va 
diod Zener. 


+ V cc 



Hinh 6.5 : Mach on dong cd ban Hinh 6.6 : Ky hieu nguon on dong 


Then much phan cut ta cd: 

V B = V/ (h'ang so). 

V E = V B - V BE = V z - 0,7V 


Suy ra: Ie = 


Ve 

Rr 


Yz-0,7Y 


(hang so). 


(hang so) 


Do: I L = Ic *= le nen dong dicn tai cung cd tri so on dinh theo 
cdng thtfc tren ma khdng tuy thudc tri so tai Rl hay dien ap nguon 
Vcc trong mot gidi han cho phep. 

Theo dinh nghTa, math on dinh dong hay nguon on dong cd 

tong trd diftfc tinh theo cdng thufc. r, = 

\J S 


Trong do: AV la mrtc bien doi dien ap 

AIs la mtfc bicn doi dong dien cua nguon. 
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Chiding 6 


Mach khuech dai vi sai, Darlington. Cascodc 


Do dong Is la hang so nen AIs = 0. Nhtf vay tong trd r, se vo 
cung ldn. 

2) Mach khuech dai vi sai co nguon on dong 

Tmng mach khuech dai vi sai, khi co tin hieu vao vi sai sc 
lam T] dan manh -> Iei tang -> T 2 dan yen -> Ie 2 giam. Bieu nay 
latn cho dong dien qua R t la 2I E khong doi nhif mach on dong. NluT 
vay, co the thay Re bang mach on dong nhit mach dien hinh 6.7 
trong do T< la mach on dong thay cho Re. 



Hai nguon +V CC va -Vcc la hai nguon dUOng va am, co the 
doi xufng hoac khong doi xtfng, va la hai nguon on ap. Cau phan ap 
R 1 -R 2 co tac dung phan cite on dinh cho T 3 nen cd dong l C i on dinh 
tinh theo cong thufc: 

V 

Ic.i ^ Ie^ = —— va lo = 1 f 1 11-:2 

Theo phan tich, tren mach on dong T 3 co noi trd r, rat Idn 
thay cho Re. Khi Re rat Idn lam tang tac dung hoi tiep on dinh nhiet 
va lam cho do khuech dai dong pha Av = 0 . Luc do, ti so nen dong 
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Mach dien tu*- Tap 1 


Nguyen Tan PhuVtc 


pha CMRR sc vo cung ldn va much khuech dai vi sai co kha tiang 
chong nhieu rat tot. 

§6.3- CAC MACH KHUECH DAI VI SAI THONG DUNG 

1) Mach khuech dai ngo vao va ra can bang 

Hlnh 6.8 la niach khuech dai vi sai cd ban co Re dc tang kha 
nang chong nhieu. 

Mach dung hai ngudn +Vcc va -Vcc co the doi xtfng hoac 
khong doi xtfng. Vdi each phan cifc nay cure B cd the khong dung 
cau phan ap Rhi - Rb 2 va cite B cd Vbi = V U 2 = OV. Luc do, V E se 
cd dien ap am V E ss -0,7V. 



Cac thong so ky thuat cua mach: 

- Do khuech dai dien ap vi sai: 

Rr 

A V = -Pn . _ 

Kbil + Hie 

- Ti so nen dong pha CMRR rat Idn 

- Tong trd ngd vao: n = 2(Rb + r Ee ) 


124 



Chirdn# 6 


Mach khucch dai vi sai, Darlington. Cascodc 

_■ a w 


- Tong trd ngo ra: r„ = 2Rc 

Day la mach khuech dai ngo vao cua cac tang khucch dai DC 
co ngo ra ddi xu’ng. 

3) Mach khuech dai ngo vao can bang, ra khong c&n hang 

Mach dicn hinh 6.9 co ngo ra khong can bang, tin hieu chi 
lay tif ci/c C| xuong mass nen dien ap ra hi giarn mot phan hai so 
vdi mach 6.8. 



Dicn trd Rn cd tac dung giam hien ttfdng dicn ap troi. 

Ve phan cu’c ta van cd: 

V B i = V u: = OV va V E1 = V E2 = -0,7V 
Cac thong so ky thuat cua much: 

1 Rc 

- Do khucch dai dien ap vi sat: Ay = — (in 

F v 2 Rb + r hc 

- Tong trot ngo vao: r, = 2 (Rb + The) 

- Tong It'd ngo ra: r„ = Rc 

Mach nay tlufdng dung lam tang khuech dai trung gian trong 
Ampli hay cac mach khuech dai DC. 
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Mach dicn iti - Tap 1 


Nguyen Tan PhuVtc 


4) Mach khuech dai ngo vao khong can bang, ra can bhng 



Hinh 6.10 : Ngo vao khong can bang 


Mach dien hinh 6.10 la tricing hdp ngiftic lai cua hinh 6.9. 
tin hieu v, chi’ cho vao cifc B| so vdi mass. 

Ve phan cifc mot chicu ta van co: 

V h | = V R2 = 0V 
V E i = V e2 = -0.7V 

Khi co tin hieu v d ngo vao. T| khuech dai sc cho ra hai tin 
hieu d cifc C| va E|. Luc do, Ti dlfdc xeni nhif transistor khuech dai 
ap kieu B chung co tin hieu vao cifc E 2 va ra d cifc C>. 

Ta xet trifling hdp tin hieu v, co ban ky dlfdng vao cifc B|, 
cifc C| co tin hieu ra dao pha la ban ky am trong khi cifc Ei co tin 
hieu ra dong pha la ban ky difdng. F)di vdi T 2 co tin hieu vao Hi la 
ban ky difttng cua cifc C 2 co tin hieu ra dong pha la ban ky difdng vi 
much khuech dai B chung la much khuech dai dong pha. 

Nhif vay, tin hieu ra tren hai cifc Ci va C 2 cung la tin hieu 
ngifdc pha nhau se lam cho dien ap ra v„ tang gap ddi so vdi tin 
hieu v t ]. 

Cac thong so ky thuat cua much: 
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Mach khuech dai vl sai, Darlington, Cascodc 


Rc 

- Do khuech dai dien ap sai: A v = -B ^- 

Kg + Tb c 

- Tong trd ngo vao; r\ = 2(Rb + rh c ) 

- Tong trd ngo ra: r t > = 2Re- 

Mach nay cd tac dung doi tif tin hieu khdng can bang ra tin 
hieu can bang. 

5) Mach khuech dai ngo vao va ngo ra khong can bang 

Mach dicn hinh 6.11 cling dung hai transistor nhif much 
khuech dai vi sai cd ban nhtfng tin hieu vao v l chi difa vao cifc B| 
so vdi mass va tin hieu ra chi lay tren cifc C| so vdi mass. 

Hai transistor T| va Ti van cd tac dung tru* tin hieu nhieu 
dong pha hay anh hifdng cua nhiet do tac dung len hai transistor. 

Ve phan cifc mol ehieu ta van cd: 

V Bi = Vh2-0V 
Vq, = V b2 = 0JV 

Tt la transistor khuech dai dao pha rap kieu E chung. 



Cac thong so ky thuat cua mach: 
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Nguyen Tan Phifdfc 


- Do khuech dai dien ap vi sai: A v = — ft - ? - 

- Tong tiff ngo vao: r, = 2(R H + r(, c ) 

- Tong trd ngo ra: r„ = R c 

§6.4- PHlfONG PHAP GIAM HIEN TC0NG DIEN AP TROI 

Mach khuech dai vi sai cd hien tufting dien ap troi la do dac 
tinh ky thuat cua hai transistor khdng gidng nhau hoan hoan loan, 
mat du la hai transistor cung ten. do eiing mot hang salt xuat trong 
cung mot lout hang (series). De tranh hien titling dien ap troi trong 
mach khuech dai vi sai ngiTcfi ta thifcfng dung cac hien phap sau: 

1) Dung dien trd R*; khong doi xufng 

Sir mat doi xufng cua hai transistor la do dien ap Vm: khac 
nhau. De bu lai sir khac hiet nay ngiTcli ta dieu chi'nh dong dien Ip. 
bang each thay doi Rp. 

Trong tnach hinh 6.12 hicn trd VR se lam thay doi gia tri so" 
Rei va Rp>. Ncu chi'nh hien trd VR sang cite E[ thi Rpi giant, Rp; 
tang va ngiTiic lai. Khi hai dien trd Rri va R h ; khac nhau thi dong 
dien Ipi va Ip; cung khac nhau. 

Cach thtfc hien: 

- BiTiie 1: Dieu ehinh Ra = R r2 

- Bddc 2: Dieu chi’nh hien trd VR de cho dong If. t khac Ip; 
nham hii lai sir mat doi xufng giita hai Vbei va Vbf.:*- Khi do In khac 
lc; se lam cho Vn khac V'ct- 

- Bitdc 2: Dieu chtnh lai hicn trd Rci suit cho Va = V ( - 2 de 
co V () = OV. 

Cach dieu chi’nh nay lam cho Rci khac Rc; nen se lam tnach 
bj giam kha nang chdng nhieu dong pha. 
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ChUUng 6 


Mach khucch dai vi sai, Darlington. Cascodc 



Hinh 6 .12 : Dien tret R E khong doi xtfng 


2) Dung much hoi tiep dong pha 

Trong sd do mach dien hinh 6.13 co hai mach khucch dai vi 
sai, trong do mach vi sai T| - Tj co T\ la transistor on dong thay cho 
Rhi, mach vi sai Ti - T 5 co Re la cau phan ap R| - R 2 de lay dien ap 
hoi tiep ve cite B\. 

Khi co tin hieu nhieu d 6 ng pha hay ctS anh htfcfng cua nhiet 
do, ca hai transistor ciing chiu tac dong nhif sau: gia thief tin hieu 
nhieu dong pha lam V m - V B2 tang nen Ici - Ici tang lam V C | - Ve: 
giam. Dieu nay lam cho V B4 - V B5 giam nen Ic 4 - le? giam dda den 
V E4 = V ^5 giam va dien ap hoi tiep V E giam nen V B .i giam. NhiTda 
biet: Ici = Ici + Ici nc.. khi V BB giam se lam cho Io giam tdc la Ici 
va Ici khong tang diTUc, mach co do on dinh tot. 

NhU vay, tin hieu nhieu dong pha da hi giam hay hi loai ho 
hdi tac dung cua mach hoi tiep, nhd do, tranh hien tirdng dien ap 
troi. 



Mach dien tu' - Tap 1 


Nguyen Tan Phudc 



§6.5- MACH DARLINGTON 

Trong cac mach khucch dai can co do khuech dai dong dien 
that idn hay cac mach can co tong trcf van idn, co the dung hay hai 
nhieu transistor rap to hop then sd do mach Darlington de dat cac 
yeu cau trem 

1) Mach Darlington cd ban 

Mach Darlington cd ban co sd do nhd hmh 6.14, trong do 
cifc E| noi tri/c tiep vao cifc B? nen Iei = hn- 

+ Vcc 



Hinh 6.14 : Mach Darlington cd ban 




ChuVfng 6 _ Mach khuech dai vi sal, Darlington. Cascodc 

Transistor T| co; Id ^ I C[ = p 1 1ni (1) 

Transistor T 2 co: If. 2 * Ic2 = P^B2 ( 2 ) 

Do mach Darlington co Iri = !b: nen thay (1) vao (2) ta co: 

Ik2 = fiilki - P 2 1Ri 
= P^Pdui = PiP>1bi 
Suy ra: Iri = PiP^bi 

Neu goi dong dien ngo vao cua mach la h thi I, = l^t* dong 
dien ngo ra cua mach la I IV thi I t , = Ifj va goi p la do khuech dai dong 
dien cua toan mach thi: 

l 0 Ieo 

p=7=r=P'P2 

M Mil 

Gia suf Ti co p, = 100, T 2 co p 2 = 80 
Do khuech dai dong dien cua mach Darlington: 

P = pi p 2 = 100.80 = 8000 

Nhu" vay, dong dien ra tren lai se bang 8000 lan dong dien P 
ngo vao. Mach Darlington co dp khuech dai dong rat )Pn. 

2) Xet tong trP vao mach Darlington 

Nhir da biet, tong trP vao cua transistor rap kieu C chung: 
r, = r be + pR E 

Neu nhin vao tu - cpc B 2 thi tong trot vao cua T 2 : 

r i2 = r bc2 + p 2 Ri. 

Neu nhin vao tif ci/c B| thi tong trp vao cua T| la tong trP 
vao cua toan mach: 

r, = r,i = l i + Pr ,2 

=> r, = i'he + PiOv + P 2 R 1 .) (cho r hc - r hc2 ) 

=> r, = (P+ I) tv + P 1 P 1 R 1 . (ra t ldn) 

Nhif da chtfng minh phan tren, tich so" PiP 2 rat ldn nen tong 
trp vao cua mach Darlington se rat ldn. 
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Mach Darlington ngoai tac dung tao do khuech dai dong 
dien rat tdn, con cd tac dung doi tong trd tir rat Idn d ngd vao ra rat 
nhd cua tai. 

3) Cac kieu mach Darlington 

Trong thu’c te mach Darlington cd the dung hai transistor 
cting loai NPN hay cung loai PNP va cung cd the dung mot 
transistor NPN to hdp vdi mot transistor PNP. 

Cd hdn kieu mach Darlington nhit sau: 


+Vtt -Vcc 



Hinh 6.15c Hinh6.15d 
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Cht-tOng 6 


Mach khuech da i vi sai, Darlington. Case ode 


So do hinh 6.15a dung hai transistor NPN vdi nguon dt/Ong 
+Vff, so do hinh 6.15b dung hai transistor PNP vdi nguon am -Vet-. 
Hai mach nay co quail he dong giffa hai transistor la: Iri = ta- 

SO do 6.15e va 6.l5d dung hai transistor khac loai vdi nguon 
dien then loai transistor Ti. Hai mach nay co quan he dong dien 
giffa hai transistor: In = Ib 2 

3) Mach tUtfng ddWng cua cuch rap Darlington 

Set do hinh 6.! 6 la mach tdOng difrtng cua hai transistor 
Darlington trong hinh 6.15a va 6.15b. Trong much nay hai transistor- 
rap kieu C chung, tin hieu lay ra d ede Hi- That ra, mach Darlington 
van co the rap kieu E chung nhUng do mach co dp khucch dai dong 
ldn nen thifOng dude dung d tang khuech dai edng suat va tang nay 
lai cd you can doi tong trd ldn ra long trd nhd de dung hop vdi Lai 
cd tong trd nhd. Vi the" mach Darlinton thddng dude rap kieu C 
chung nhif cac kieu mach trong hinh 6.15. 



Hinh 6.16 : Mach tudng dtfOng ciia hinh 6.15a va 6.15b 


§6.6- MACH CASCODE 

Mach Cascade gdm hai transistor khuech dai ghep chdng 
len nhau nhd SO do hinh 6.17, trong do T| la transistor khucch dai 
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ngd vao rap kieu E chung, T 2 la transistor khuech dai ngd ra rap 
kieu B chung vl cd tu Cn phan dong. 

Cau phan ap R| - Ri de phan eifc mot chieu cho hai 
transistor va dicn ap phai dii cao vk 

Vci = V E2 = V, 12 -V BE = V»,-(UV 

Luc do, V C | co mi ic dicn ap du ldn de Tj lam vice trong 
vimg tuyen tinh {vung khuech dai) cua transistor. 


+ V cc 



Htnh 6.17 : Mach Cascode 


Tin hieu ra sau Ti va V n , chinh la tin hieu vao V l2 cua T 2 . 
Do T 2 rap kieu B chung non cd tong Ird vao nhd, tong trd ra rat ldn, 
nhd do, T> cd tac dung ngan each anh hitdng cua ngd ra den ngd 
vao, nhal la d tan so cao. 

Mach Cascode cd do khuech dai dicui ap bang do khuech 
dai dicn ap cua mach rap kieu E chung nhirtig cd dicn dung Miller 
d ngd vao nhd (tac dung nay sc dude phan tich trong giao trinh 
“Mach dicn tif-Tap2"). 
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Mach khucch dai vi sai, DarlimUon. Cascodc 


Dien ap tin hieu V L i va V ol dao pha nhau nhifng dien ap tin 
hicn V l>t va V 0 > dong pha nhau. 

Khi dieu chinh dien ap phan cufc cua cau phan ap R t - R_> sc 
lam thay doi mufc dien ap mot chieu cua ca V ol va V 0 j 
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MACH KHUECH DAI DENG FET 

§7.1- PHAN OJC CHO TRANSISTOR TRCCfNG C f NG 
1. Phan cifc cho JFET 

Cach phan cifc ddn giiiii va thong dung cho JFHT la phan cifc tif 
dong nhif hinh 7.1. 



Kenh N b) Kcnh P 


Hinh 7.1: Phan cit e tit do ng ch o JF ET 

Xei mach kenh N ta co: 

Vd = IdRd 
V s = I S R S 

Vps = Vcc - Id (Rd + Rs) 

O afe G difilc phan Life ngifcfc moi not PN nen khdng co 
dong dicn I c , Ou = 0) va V G = 0V. 

Bicn tref Re, co tri so rat Itfn khnang 1MQ den IOMO. 

Bien ap phan cu'c ngd van: 
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Mach khuoch dai dung FHT 



Hinh 7.2: Duang tdi. tinh ciia mqch khue ch dai dung JFET 

Cach xac dinh duffing tai tTnh cho much dung JFET tiAtng tif 
nhif transistor liffing noi va difdc vc nhUhinh 7.2. 

2. Phan cifc cho MOSFET lien tuc 

MOSFET lien tuc co the phan ctfc theo hai hiffing, hiring 
tang tiet dien kenh neu V GS > OV va huffing giam tiet dien kenh neu 
V GS <0V. 

Trong thUc te MOSFET lien tuc thiffing diftfc sd dung ef 
triffing hdp giam tiet dien kenh vdi V GiS < OV nen each phan cifc 
giong nhif JFET. Mach dien hinh 7.3 la much phan c\Jc ui dong cho 
MOSFET lien tuc. Cach tinh cue tri so dten ap V D> V s , Vos, V (3S , 
dong dien I D va each xac dinh diffing tai tinh giong nhif mach JFET. 
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Hin h 7.3: Phan cue in' dgtig cho MOSFET. lien tuc 


3. Phan ci/e cho MOSFET gian doan 

MOSFET gian doan chi’ dan dien khi diftfc phan ci/c theo 
hlfchig tang tiet dien kenh. Mach dien hinh 7.4 la much phan cifc 
cho MOSFET gian doan. 

De cung cap dien ap diking cho cifc G ta thuftng dung cau 
phan ap Rc.i - Rc;,.-> (tifdng tit nhir cau phan ap Rhi - R tl2 ciia 
transistor lifting noi). Doi vdi MOSFET, cu’c G each dien so vdi 
kenh va non P non khong cd dong dien Ig di tif cii’c G vao 
MOSFET. 



Hinh 7.4: P han c ite t U d ong cho MOSFET gicin doan 
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Mach k hue eh dai dun^ HhT 


Xet mach phan cifc ta co: 
Vp = Vcc - IdRd 
Vs = IdRs 


V ns -V cc -Id( Rd + Rs) 
Vg = V cc 


R G2 


R(U ■*" R G2 

Vgs = V c - V s 


Phifitng trinh diking lai: 


T Vcc - V „ s 

° R|> + Rs , 


Cach xac dinh diking tai llnh cho MOSFF.T gian doan cung 
giong nhu - each xac dinh (lifting tai tTnh cho transistor lifting noi va 
JFFT. 


Cau phan ap Re, - Rgz thifdng difdc chon tri so sao cho dong 
dien qua cau phan ap nay khoang vai pA. Dong dien nay kha Idn 
so vdi dong dien ri <1 cite G nhifng phai kha nhd so vdi dong dicn [ 13 . 
Thong thifitng R C i + Rce khoang vai mega dm den vai chuc Mfl. 


§7.2- MACH KHUECH DAI Ctf BAN 
1. Phan tfch mach khuech dai FET 

Mach khuech dai hinh 7.5 dung JFFT kenh N. Ngudn phan 
cifc cho cifc G la ngudn am - Vgg. ngudn cap cho cifc thao la ngudn 
difdng + Vcc. 

Tin hicu difa vao cifc G la ngudn v, co noi trd la r v Do dong 
dicn d cifc cifa I G cd tri so rat nhd khdng dang ke non giant ap mot 
chieu va xoay chieu qua r, khdng dang ke. Nhtf vay, dien ap mot 
chieu va tin hieu xoay chieu d cifc G la: 

• Dien ap mot chieu: V G s = - V G c 

• Tin hicu xoay chicu: v fN = v\ 

Dien ap loan the gdtu ca mot chieu va xoay chicu la: 
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I I 'm h 7.5: Mach khuech dal JF ET 


Dien dp toan the tai ciTc thao: 

V[>s = - Ri)i D 

Trong do i D gom thanh phan mot chieu I D va tin hieu ij. 
Dien dp mot chieu V D s phai Idn hOn dien dp nghen Vp vdi; 
V P = V as + V po 

Dong dien toan the (mot chieu va tin hieu) d ci Sc thao la: 


i - i i + 

1 n _ 1 nss ' x r 


I ns 1 


V,. Vo 


Thay van dien ap loan the d cufc thao ta co: 

v ns “ ^dd “ ^nss 1 + + v* - 

l V PO V PC) 


Tru’dng hop tin hieu ngudn v s la tin hieu hinh sin, thay vao 
khai trien va dOn gian se co dien trd ngd ra d aic thao: 

v ds ” 2 R d ■ I DSS 1 + — ! — 1 = v 0 

k v po ^ V PO 
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Chitting 7 


Mach khuceh Jai dun;: FET 


Do Uli dicn ap cua much: 



2. Cac trj cong suat cua mach 

Xet trifling hdp tin hieu vao la hinh sin. Cong suat tieu tan 
nhiet life theti cua FET la: Pd = v DS iu 

Trong cong thCfc nay co ca thanh phfin mot chieu va xoay chieu 

gom: 


lu — Id + hi i v U s - V DS + 

O (rang thai tTnh, cong suat tieu tan: 

Cong suat ttfc theti cung cap tif nguon dien: = V DL) i|> = 

Vdd Id + Vdd ij 


Pd = V M I 


Do dong dicn ij la tin hieu hinh sin co trj trung binh hang 
khong nen cong suat cung cap trung binh: 



Day chfnh la cong suat cung cap khi chifa co tin hieu. 
Cong suat tufc theti ra tren tai R u d ctfc thao: 

Pt = Rd in” = Rd (Id + hi) 2 
= Rd Id" + 2 Rd Id ij + Rd i<i* 


Dong dicn ij cua tin hieu so tri so trung binh bdng khong va 
trj trung binh cua i t f chlnh la binh phifdng tri so hieu dung la non: 


P T =R D I D 2 + R D I cl 2 


Cong suat do ngu6n cung cap chmh la cong suat tieu tan 
tren FET va cong suit ra tren tai. 


Ta co: 


P - P + P 

r on ~ r p ^ 1 T 
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Mach dien L# - Tap 1 


Nguyen Tan Phirttc 


§7.3- MACH Tl/dNG Dl'GfNG 

Tu’clng li/ nhtf transistor lifting noi, JFET va MOSFET cung 
co the doi thanh mach lifting difting gom cac phan tu* nhir dien trdf, 
nguon dong dien, nguon dien ap trong dieu kien tuyen tmh hay doi 
vdi tin hieu nho. 

Cf ngo vao, cifc G difttc coi nhir each ly hfin so vdi kenh dan 
dien cua ci/c S va D. Cf ngo ra co the doi thanh nguon dien ap v t u 
hay nguon dong dien i ([ < 

Tru’dng help doi thanh nguon dien ap ta co: 

U — —— ' —s y — u y 

r v /is • * e.T 

v » 

Truing hop doi thanh nguon dong dien ta co: 
s = —=> ij - g v 

fe m a b m ’ es 

V 

gs 

Mach tiftdng difdng cua JFET va MOSFET nhir hinh 7.6, 7.7. 



Hinh 7.6: Ngo ra la nguon 
dien dp 


Hinh 7.7: Ngq__r_a la nguon 
dong dien 


Khi khao sat mach khucch dai dung FET d tan so cao, ngUcli 
ta con xet den cac dien dung ky sinh giffa cac ci/c goi la dien dung 
lien ctfc nhiT: giffa ctfc cong va ctfc nguon, c gti giffa ctfc cong va 

ctfc thao, c ( k giffa ctfc than va ctfc nguon. Cac dien dung ky sinh co 
tri so khoang vai pF. 
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Hinh 7.8: Mach tuang. dtiajig a tan s 6_cao 

§7.4- CACH DANG KHUECH DAI THONG DUNG 
1. Mach khuech dai cifc nguon chung 

a) Mach khuech dai cite nguon chung cd tu C, 

Thong thirclng, mach khuech dai dung FET cung diftfc phan 
cifc tu" dong nhrt dien trd R s d cifc nguon nhif hinh 7.9. 



Hinh 7.9: Mach k huech. d ai riglidn Hinh 7. 10: Mach IjJxmg dUang 

chung cd C 


Dien trb cifc thao Rp dc lay tin hieu ra, cac tu dien lien lac 
co tac dung each ly dien ap mot chieu va chi cho tin hieu xoay 
chieu qua, tu phan dong C.s dung de noi tat tin hieu xoay chieu 
xuong mass loai bo tac dung hoi tiep am tren R s . Cac tu dien C| - 
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Mach dicn tu' - Tap 1 


Nl: uvcn Tan Plufdc 


C 2 - Cs pliai chon tri so du I fin do cd dung khang rat nhd d khoang 
tan so ciia tin hieu khucch dai nen cd the xem nhir ndi tat. 

Ngudn tin hieu ngd van co bien dp la va ndi trd ciia ngudn la r v 
Hinh 7JO la mach ttfcfng difcfng vdi ngd ra la ngudn dong 

dicn. 

O ngd ra Rn ghep song song rj nen cd tong trd ngd ra lifting 

dicing: 


Bien ap ciia tin hieu ra: 

Vo = i c i Ro 

Vo = “gn,V g , R() 

Dau tri/ (-) trong edng thtfc do tinh khucch dai dan cua 

mach. 


Do khuech dai dien ap cua mach la: A v = —- = — 

v s v g . 

Do dien trd Re rat Idn khoang vai MQ, trong khi r s rat nhd 
khoang vai tram Q non: v gs ^ v s 

v n 

Cue do: A, = = -g m R 0 = - 

»'*. r j + R » 

Trufftng help chon dien trd R D khii nhd so vdi rj d\i = vai chue 
KQ) thi Ro ^ Rj> 

Do khuech dai dien ap diftlc tinh theo edng thde gun dung: 

Ay =— = ~g m R 0 

Thco cong thtfc gan dung tren thi do ldi dien ap li !e thuan 
vdi Ro vdi dieu kien Ro phai kha nhd so vdi rj. 

Thifdng do ldi chi’ dat den in life vai chuc Ian. 
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ChMng 7 


Mach khucch dai dung FET 


b) Mach khuech dai nguon chung khong co tu Cs 

Khi bo tu phan dong Cs nhu 1 mach dien hinh 7.11 thi mach 
ttTdng during dude ve lai nhu hinh 7.12. Nhu" vay, dong dien tin hieu 
ij se qua R$ cung dong dien mot chieu Id va tin hieu qua Rs se tao 
dien ap hoi tiep lam thay doi nhieu thong so cua mach, trong do co 
dp lpi dien ap. 



Hinh 7.11: Khong co t^l Cs 


Hinh 7.12: Mach tuqng. ditang 


Gia thiet dien ap giam qua r, khong dang ke, theo mach 
tUdng dt/dng ta co: 

v s = v g „ + ij Rs 

^ V gs 


va t d = 


R s + r d + R d 


fy . D v gs R d 

O ngo ra: v 0 = -i A R D = - -— 

*s + r <i + R d 

Ttf phUdng trinh (1) va (2) suy ra: 


Rs + r d + Rd 


V ‘ ,= (l+|i)R s +r d + R„ 


x v. 


( 1 ) 

( 2 ) 


(3) 


(4) 


Tuf phiTPng trinh (3) suy ra do khucch dai ap rieng cua FET: 
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Mach dien luT- Tap 1 


Nguyen Tan PhuTdc 


4 

Thay the': 

4 


^o_ _ ~ M Rn 

R s + r „ + R d 

p = gm td vao (5) ta c6: 

_ -g„, *4 R 0 

v » R s +r J+ R d 


(5) 


( 6 ) 


Ttt phi/dng trinh (4) va (6) suy ra do khuech dai dien ap 
chung cho loan mach: 



~8m r .< R d 

0 + /O R s + r lt + R d 


(7) 


So sanh dp khuech dai dien ap cua (7) vdi dp khuech dai 
dien ap trong mach co tu Cs phan dong thi d mau so co them {1 + 
p)Rs- Bieu nay lam do khuech dai dien ap hi giam do tac dung hoi 
tiep am. 

Phtfdng trinh (7) co the viet dang khac va suy ra dien ap v„: 


4 



ZtL R ° 

0+/O R S + r d + R d 


( 8 ) 


v o = - V v s * 


v a * v „ * 


R 


0 +v) R s +r, + R> 

R.. 


(9) 


( 10 ) 


(l +/^) R s + ^ + R n 

Vdi phirdng trinh (10) mach tifdng diTdng co the ve lai: 

G ( 1 +p) Rs 



Hi nh 7.13: Ma ch ti/rrng dilane r ut gon 
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Chufrfng 7 


Mach khuech dai dung FHT 


2. Mach khuech dai ci/c thao chung 

Mach khuech dai cifc thao chung dung FET co sd do va 
mach tiTdng duVJng nhif hinh 7.14 va 7.15. 


+v. 


k 



Hinh 7.14: Mach ci(c thao ch ung 



Hinh 7.15: 


Trong sd do, cite D noi len ngudn +Vcc oen difdc xem nhi i 
ndi mass doi vdi tin hieu xoay chieu. Nhir vay, dien tref r c j va Rs 
difdc noi song song nhau. 

Tif mach tifdng difdng kieu nguon dong, dien ap xoay chieu 
ra difdc tinh theo cong thi?c: 


v 


a 


m ^ 


.. r A± 

r ,< + R s 


(I) 


Dien tnf r s cua ngudn tin hieu thtfdng co tri so nhd vai 
tram Q) trong khi dien trd Rg tri so"rat ldn O vai MO) nen: v g « v s . 

Taco: v gs = v, - v„ (2) 

Thay the (2) vao (1) suy ra do lefi dien ap cua mach: 


A. - — - 


8 , 


R, 


8,n + 


1 1 


(3) 


R, 
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Mach dien tu* - Tap 1 


Nguyen Tan Phiftfc 


Thong thifclng g m kha Itfn so vdi \/r t \ nen co the viet: 


= K_ _ g m R s 
v, ' \ + g„R s 


(4) 


PhtfOng trinh (4) cho thay do ldi dien ap cua much nho hdn 1 
va la much khuech dai dong pha. 


§7.5- MACH KHUECH DAI HOI TIEP DUNG FET 

NhU’da phan tich trong chiding 3. mach hoi tiep am co lac dung 
cai thien chat lifting cua tin hieu ra 0 cac mach khuech dai trong khi 
hoi tiep during dung dc ttf tao tin hieu trong cac mach dao dong. Do 
do. trong phan nay chi gifli thieu cac mach hoi tiep am. 

1. Hoi tiep am dong dien ghep noi tiep 

Mach khuech dai co hoi tiep am dong dien ghep noi tiep 
chinh la much khuech dai dung FET khong cd tu phan dong Cs nhu 1 
hinh 7.16. 



Hinh 7.16: Mach khuech dai_JiQl tiep gm do ng dien 

Khi khuech dai, dong dien cua tin hidu ra i t i qua dien trd R s 
tao ra dien dp xoay chieu v„ chinh la tin hieu hoi tiep V|. 
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Chirring 7 


Mach khucch dai duim FFT 


Khi tin hieu van \\ tang lam v, iN tang dan den ij tang se lam 
cho tin hieu hoi tiep v t cung tang, NhU vay. tin hieu hoi liep v r i dong 
pha vdi tin hieu vao v s , 

Ta cd: ~ v s - v. 

Do v t va \\ dong pha nen nhd h(Jn \\ nghla la much hoi 
tiep am. 

Trong phan mach khuech dai, cite nguon ehung khdng cd (\ 
do lpi dien ap la: 

A = A = = _ —-~- n _ 

' ~ W " V, “(1 +f i)R K+r , + R n 

Theo nguyen ly hoi tiep thi he so hoi tiep cua mach: 

h= 1 / ‘All. = !*.>. 

>,, R „ R n 

Ngifdi ta phan biet dp Idi vdng hd (khi chufa cd hoi tiep): 


- // v 

r i’.v 


4. = —- = 

v ,.> 


',, R n 


v *. 


r ,l + R n + 

V... 




r ,l + R n + 4 


Do lpi vdng kin hay do tpi hoi tiep: 

^ = . _/e_ 

r 1 - />/f. 


4 , = 


Thay A vo vaocdng thuTc linh A V [-ta \an cd: 


4 , - 


(]+//) + r tl + R n 

2 . Hoi tiep am dien ap ghep noi tiep 



Mach dicn tu*- Tap ) 


Nguyen Tan Phifdc 



H'inh 7>17: Mach hhuec!ida_i_Ji6i_t[ep_ am dicn dp 


Trong mach hoi tiep am dien ap hinh 7.17 tin hieu hoi tiep 
lay tren can phan ap R f - R> P ngo ra duVfc ghep noi tiep vdi nguon 
tin hieu v\ etc difa vao cifc G. 

Tu phan dong C$ ghep song song vdi co tac dung noi tat 
tin hieu xoay chieu tren cifc S xuong mass. Tin hieu vao d v^chinh 
la tin hieu tu* cifc G xuong mass. 

NhU vav ta co: \\, s - v s + v t 

Trong much kliuech dai rap cifc nguon chung, tin hieu vao 
va ra dao pha nhau non v s va v t dao pha nhau. 

Do do. v, s nho hdn v s va mach la loai much hoi tiep am. 

Theo dinh nghTa. he so hoi tiep: 


A = -2- - 


R. 


/?, + R, 


Do can phan ap R| - R? non dien trd tai of ngo ra: 


1 - R„ + R, + /?, 

Do kluiech dai vdng hcV ciia mach (khi chifa cd hoi tiep): 




Chtfdng 7 


Mach khuech dai diirm FET 


>•» <v + * 1 

Do khuech dai hoi tiep la: 

1> 

rx vo 


A,, = — = 

v. 1 - b A, 


(1) 


Thay Avo v a h van cong thxj’c Avf ta co: 


4, = 


/' 

1 + /.ib 


x R 


+ R, 


1 + /ib 

So sanh dang bieu thdc (1) va (2), ta dat: 
1‘ 


/' = 


1 + nb 


va r d = 


1 + /.ib 


( 2 ) 


Li R 

Ta se cd: A,, - — 7 -— (3) 

r ,l + R l 

Nhir vay, khi cd hoi tiep thi he so khucch dai p. va noi trd r,i 
se bi giam 1+ pb lan. Dieu nay cd nghTa la mach khuech dai hoi 
tiep se hi giatn do khuech dai nhi/ng cung giam noi trot ngd ra de 
thich dng vdi cac tai cd trj so dien it'd nhd hdn. 
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1- Nguyen Tan PhuVlc - “Linh kien dien tOf” - 2003 - NXB 
Giao thong van tai. 

2- Nguyen Tan PhuVlc - “Linh kien diSu khien” - 2004 - NXB 
Tong hop TP Ho Chi Minh. 

3- Nguyen Tan Phifdc - “Mach ttfdng tLf” - 2004 - NXB Hong 
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4- Nguyen HiJu Phtfdng - “Dien ttf trung cap” -1992 - NXB 
Tong hop TP Ho Chi Minh. 

5- Tom Floyd - Fundamentals of Linear Circuit - 1991 


6- Ghatisi - Electronic Circiuts -1972 




TU SACH KY THUAT DIEN - DIEN Tl/ 

CUA TAC GIA NGUYEN TAN PHl/dC 


* GIAO TRINH DIEN Tlf KY THUAT 

1- Linh kien dien tuf (kho 16x24) 

2- Mach dien tuf - Tap 1 (kho 16x24) 

3- Mach dien tuf - Tap 2 (kho 16x24) 

4- Mach dien tur - Tap 3 

5- Mach so - tap 1, 2 

6- Mach ttfdng ttf (kho 16x24) 

* GIAO TRINH DIEN Tlf CONG NGHIEP 

1- Linh kien dieu khien 

2- Ky thuat xung can ban vil nang cao 

3- Dien tuf tfng dung trong cong nghiep- Tap 1 

4- Dien tuf tfng dung trong cong nghiep- Tap 2 

5- Dien tuf cong suat 

* GIAO TRINH DIEN CONG NGHIEP 


(tai ban lan thtf 10) 
(tai ban lan thuf 6) 
(tai ban lan thuf 5) 
(sSp xuat ban) 
(da xuat ban) 
(tai ban lan thtf 3) 

(tai ban lan the? 6) 
(tai ban lan thtf 4) 
(tai ban lan thtf 4) 
(sap xuat ban) 
(tai ban lan thtf 2) 


1- Dien ky thuat 

2- Do Itfcfng dien va dien tuf (kho 16x24) 

3- Khi cu dien - Truyen dong dien 

4- Trang bi dien 

* GIAO TRINH DIEN Tlf Tlf D0NG HOA 

1- Lap trinh vdi PLC Logo, Easy va S7-200 (kho 16x24) 

2- Lap trinh vdi PLC Zen, CPM2-A va Inverter Omron 

3- Cam bien -Do ltfdng va dieu khien (kho 16x24) 

4- Trang bj dien khong tiep diem-Thang may cong nghiep 


(sap xuat ban) 
(da xuat ban) 
(sdp xuat ban) 
(sap xuat bdn) 

(tai ban lan thtf 6) 
(tai ban lan thtf 4) 
(da xuat ban) 
(sap xuat ban) 


* GIAO TRINH DAY NGHE - HlfClNG NGHIEP (kho 14x20) 

1- Sura chtfa Thiet bj Dien - Dien tuf gia dung (da xuat ban) 

2- Dien va Dien tuf can ban (da xuat ban) 

3- Dien tuf cong nghiep va Cam bien - Tap 1 (da xuat ban) 

4- Dien ttf cong nghiep va Cam bien - Tap 2 (sap xuat ban) 

5- Ampli - Ly thuyet va Thtfc hanh (sap xuat ban) 


Gia: 26.000 dong 




